l:w.u. ry .. i "
o + 4
g TN 1 .

3 ”.T.n_h.n u*gﬁﬂnu_ifé(,ﬁma ﬁ..;}.i.- WiE T BEERLANE || i 1] e <5
D K..N.n_:i_....u* u%#llﬁﬁ.ig: CC2THRRETI b (S (R TR el e [ e
BERECOHECEINI TSR . - (|- D O O T DO e TR AEA B || St B ROl T BT RS BRI
PR O CRRCTRETI: io | cson i e s O T ] e T O OO0 e | RO T i iR AT i g S0
B O )V NI R £~ ()| et (F0h et f] 15 02 s || QI BIZI 0 (| 0 DR o 0 o o R A T 1 1 s 6 I
T | 2 o R IR PRAEERS )| —C S ([ Mot .m.f+uw_...:. L= th.UQu.....x.*.fﬁw_id.ﬂ__ ...Ut.m Zx e A e il [ S BN G
TR © BT B T T :....;__ BT Tt = ) o I || o S RN RUREAE R | - S RERRAN NS
PR D T B TR e g 3 A A AR T g, iiﬂ FERRCEAE | ZHERWEE ST
Lk L A B U S AE ROUHA SRR 00 - SRS

17| ST PR
I !

o R e
BB T LK
i

t

[BEF I

—
(NS E R A RE@EEE L A A AL

3
. =g G
1l T MR I a0 "Nn.smaw_.muu = || | = T35
T 0 e T I i 2 SRR R ) S EGIRE T
<57 RN e SR T A R el ) + T T SR
= i e A Rl 3 ¥ e =
T S TE S s N e s L ) =S
~f R 3EEaE flEIEEIar <R ||+ .P.mwn

Bt o || R 5 < IR D S 20 e L
HEY=E e T OBk MDD | €<
R e R e e T R L e 43 __ = R
sf.._.im_ R T B BRI T b
RS mﬁﬂ.&@iﬂ S A.m&nwm.hwuﬂin_i el

{

if

14

i
R
Fiw b e

NEW YORK

4

éﬁ

g
aYRACUSE UNIVERSITY

s
DIGHRECHGAHTR Z2 A (NI ESES | TS B R R T AT R ER BRI .mmmi&a@?@ﬂﬁmuwr;w1;+ TR o ToaaEad
N e SR bt T E e T T TR S - W T Tl R %w.n?:ﬂmnmi..hﬂ.:i G - e e e L AT
gﬁiﬁﬁ%ﬂ@ﬁii LS . o e o i e T S g Tl e e e e e e i e D SRR S e =2t R T e B - i |
§$Q.J£N§Q§%§§,ﬁkmqwm§ TR .mﬂﬁlf,hrﬂw JES TR - DD ST Bz m.,_mﬂ.ﬁnwﬁm
: 33 i R 52t B R R e i g
P SN

:;;;. Nz

d‘A
190%
+ =i

g e e i) B b e i
[ L o fu Lo

(9 [} ¥ ey
4+ =)=

Ve \f!;":

SaYRACUSE
%

ESEE e e R e
S TREEERINGE e i N || S 0E S Dre I S S RN TN R SR

1

RN

#Vn___ it 5K T N VT B

il

INEW

WT OF GEGLOEY

Ll N

+
It Pt e R el B3 e S S KOs
S 3 l : )ﬂ LR i e B £ = R e S 21+ i
w3 T o o H :v&ﬂdﬂ.ﬂﬁﬂg%@m@bm_ ] m
~ i
= Dy
: =i
g it w %)
H At ==
(e % ;T.Hu.
1=y
O= m_...w_. ey
L O (=0
w b Lo
= It ...,__.,.
..I++ IE
it e 1 :

S e s
Tk 1 3 end | __n........
T iz W



i (=S

3 Gy Lawed el Seeml) | Kosesd

e = &=

—

B

-



NEW YORK STATE GEOLOGICAL ASSOCIATION

GUIDEBOOK

50th Annual Meeting

SYRACUSE, NEW YORK

23-24 September 1978

Daniel F. Merriam, editor

“-"Sl'us-&'l '-,‘:.
7 CULTORES

0 SCIENTIA
2 ';‘ A ononm_;.!?/"
* 3
oo% &

YoED KO

Department of Geology Syracuse University



I THOUGHT 40U LIKED THEM..
40U TOLD ME 40U LEARNED
SOMETHING VERY IMPORTANT
ON OUR LAST FIELD TRIP..

I LEARNED THAT I 6ET
5ICK RIDING ON THE BUS!

=R

with permission of United Feature Syndicate, Inc.

and courtesy of Charles Schulz



Table of Contents
Introduction, by D.F. Merriam . . . . . . . . . . . v v v v v v . .

Laudable Tegacy - a synopsis of the titans of geology and
paleontology in New York State, by D.W. Fisher . . . . . . ..

Looking back over half a century: a brief history of the New York
State Geological Association, by K.E. Lowe and M.P. Wolff . . .

A brief history of the Department of Geology at Syracuse
University, BY B.F. MOrrTam .. o s o s o 6 omnt & & % 50 5 @ g e

Deformation structures in Lower Paleozoic rocks, northwestern
New York, by B.G. Barber and J.T. Bursnall . . . . . ..

The structural framework and petrology of the southern Adirondacks,
by J. McLelland, E. Geraghty, and G. Boone . . . . . . .

Faunal assemblages in the Lower Hamilton Group in Onondaga County,
New York, by J.C. Brower, 0.B. Nye, Jr., R. Belak, E.F. Carey,
H.E. Leetaru, M. MacAdam, S.A. Millendorf, A. Salisbury, J.A.
Thomson, P.D. Willette, and S. Yamamoto ., . . . . . . . . . .

Geomorphology of the southeastern Tug Hill Plateau, by E.H.
PRINEE o i o o cenwcmam o ok i I b Bl B b A 5 A W h kb

Benthic communities of the Ludlowville and Moscow Formations
(Upper Hamilton Group), in the Tully Valley, Onondaga
County; DY ToXe- BVEESO & % ¢ v oo w5 6 & # 8 5 % & B ¥ 2

Paleoenvironments of the Potsdam Sandstone and Theresa Formation
of the southwestern St. Lawrence Lowlands, by B.W. Selleck

Benthic marine communities in the Upper Ordovician clastics of
the Tug Hill Region, New York, by P. Bretsky and D. Thomas

Punctuated aggradational cycles (PACS) in Middle Ordovician and
Lower Devonian sequences, by E.J. Anderson, P.W. Goodwin,
ORE B CONEYON ; ; o v v % o 4 ¥ 5 3o @ & & % 5 § @ © k8 @

Eurypterid horizons and the stratigraphy of Upper Silurian and
Lower Devonian rocks of central-eastern New York State,
DY Sele. CHEPER, 80r o oo orm & & 0 s & O B @ o s e 6 o

Surface and near-surface sediments in the northern part of
Seneca Lake, NY, by D.L. Woodrow . . . . . . . . .. .. ...

Engineering geology at Nine Mile Point, New York, by J.A.
Fischer and H.S: Laivd . . . . o w6 w6 6 5 %5 % 2 5 6.6 ¥ s =

The Tully Limestone of central New York - stratigraphy and
facies variation, by J.M. Cubitt, P.H. Heckel, A.G.
DelSignore, and M. Wooldridge . .. . .. . . .. .. ¢ ...

25

39

48

58

104

124

143

173

189

204

225

250

257

273



Syracuse meltwater channels, by B.M. Hand . . . . . . . . . . . . ..

Late Pleistocene history of south-central Onondaga County,
bv D.E. Andrews and R. Jordan . . . . . . . + ¢« v v v 4 v 4 v + .

Moss Island, Little Falls, New York, by H.S. Muskatt . . . . . . . . .
Biostratigraphy and paleoecology of the Upper Devonian Ithaca
Formation near Cortland, New York, by J.W. Harrington
and W.G. Heaslip . . « o ¢ ¢ s 4 5 0 o 6 6 2 2 0 ¢ 0.0 0.6 5 o

Building stones used in the vicinity of Syracuse, by 0.B. Nye,
I AN R. FBZIO 5. % o o 5 o o 5 0 86 o a & 5 & e e & & & o

Depositional environment of the Oswego Sandstone (Upper Ordovician),
Oswego County, New York, by D.G. Patchen . . . . . . . . . . ..

iv



gl 2, A~ & - %r ’{““ £
_________________ 555:3_—— 17 E ‘~\‘§ 2« 5 3%'5 ; ; 913 : éa; g L iﬁ
e o TR . ? = z i [ E1 o 5 T 0
T Ha oB\E : A0 g N R f
- fml‘ s | ! i\\ ; i ’%Q%i'. E} ,g,_._-; IRE Ei S § "3 #
N e NPT NG o R I
= AN 3 Bl LR DS 0t T
e & INNE oSS s 0 S
R o5 A § g BT o ek D S v B K
'_:.-.4_\,;1.:_._ z i 3 - !g g ] E i "Xk § 1 _f_ j__.i <=3 /IR I ~p %
057 SR RRIE ! s s ey,
’Jk .'!i ! li .-! ; é 7 \ g f ] : !
| SN ,F -3 ;‘ Y & ;: |
A S Wizt o e S A
Lé % tm - [ 7 - Bk u." 1
WAL |

“ “!_ ; § ! §57
% Ml g= - ridadise) A i 9531 ga A
e SCSREe? NH Il IR 0 o L S g 17
I o W O g = - -§'£ ARG A qj
z ¢ di:ﬁ 4 = i_,,! .3 & = l B i 5 y
(1)1 Ry ERE 5 s I\ g: B 'n.&: s LE i r'_';;]:
s * = _{l ’ s ua!l 3 = 1!)]': B 2 ! = Senect 2
- : < ST = : = = | .
’O ™ i e, Ea‘.i 4 S = r’) g i i % &) O 3
2 !Q = | o - S
ll 5 3 \ '%}‘l ’l{u’dd ki! ig : ) “‘” ¥ g;! A g* ._! 3 li !‘ ._! «l"]l -
) - \ll § . 5‘10 > - 4 $ i s £ :g o} 5
5 y 71N o i < 5 l
H R )E I/ NG } W
gL i11! AL = 4l
[ N VAN & _'_11 ol! “ B[ A
== ’- ¥ vl ) G b _i:x < Mg
ﬂ—!\f | flgi g’ fi 54 A3 | ! . “
e | U 1l A} . Ve ==
= y; I (PR l|' % -3 I I @
- 1§45 il !_:!i‘l *'! i-‘ l 7 .Hg., I;l S
Lon 2 . " ] I!wii ; z !lz .ﬁ ! X H ]




o

, i'

\
SeOu

Eat s 18
434 % H\J D3
]i \ 5#;‘-‘{__,@‘?._3‘““.




INTRODUCTION

It is appropriate that the Golden Anniversary meeting of the NYSGA
be held at Syracuse University. Syracuse has been involved actively
in Association activities since the beginning. As secretary, Harry N.
Eaton of SU issued the announcement of the first meeting to be held at
Hamilton College in April of 1925. He then was president the next year
as Syracuse served as host.

In 1937 SU was host for the 13th meeting with Louis W. Ploger presi-
dent. Again in 1950 Ploger served as president as Syracuse hosted the
22nd annual meeting on the Silver Anniversary of the formation of the
Association (1925-1950). John J. Prucha organized the 36th meeting in
1964 .

Syracuse is always proud and pleased to host the Association that may
be the oldest organized state intercollegiate geological group in the
country. The Association has grown considerably in size and stature from
that first meeting 53 years ago (see paper by Lowe and Wolff on history of
the Association in this volume). There is no record of the number of
attendees but the meeting consisted of a few pages of handouts for the one
field trip following a previous evening dinner and lecture. This loose
organizational arrangement was successful in the early years and continued
until 1953 when Kurt E. Lowe was elected first permanent secretary of
the Association. The secretaryship provided a stability and continuity
needed for the Association and beginning in 1956 guidebooks for each meet-
ing were kept in print for sale. Lowe was followed in office by Philip
Hewitt in 1968 (now the office was termed executive secretary), D.F.
Merriam in 1972, and Fred Wolff in 1977. The Association affiliated with
the American Association of Petroleum Geologists in 1974.

The Association grew in permanency and organization (it now had a
constitution) so did the size of the guidebooks. From a few pages in
1925 to 425 pages in 1977. Subject matter was expanded until today the
guidebooks provide one of the most important sources of information on the
geology of New York State.

The offerings this year are no exception. In addition to writeups
and roadlogs for the 17 trips, background papers on selected subjects are
included. Of special importance are the two papers on the history of
geology in New York by Don Fisher of the NY State Geology Survey and on
the history of the Association by Kurt Lowe and Fred Wolff. These con-
tributions undoubtedly will serve as standard references for years to come.

Each of the authors are to be thanked for their contribution. It is
their collected efforts that made this publication possible. A different
procedure was used this year on preparing the papers for inclusion in
the guidebook. Each author was asked to provide finished copy for
direct reproduction. Although this method has its problems (but all
publication methods do), it allows authors greater flexibility and the
possibility to make last minute changes. It also speeds up production
time and reduces costs.
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Many people have cooperated in putting on this meeting. Janice Potak
assisted in typing, editing, and proofreading material for the guidebook
and helped in a variety of other ways. Beverley 0'Brien and Debby Blose
also have assisted in preparing material and making arrangments. A1l of
the faculty and students of the Department of Geology at SU have given
considerable time and effort in preparing for the meeting. Credit for
success of the meeting goes to the entire Department.

Dewey Hale of the Syracuse Chamber of Commerce provided material and
advice in making arrangements. Owen Muir of the Treadway Inn helped with
the housing. Elmer Foote of the SU press assisted with the printed mater-
jal. Many individuals and other Departments at Syracuse University
cooperated in the logistical arrangements.

Last but not least Fred Wolff lent his support for the entire year of
preparations. This was most appreciated.

So here are the results for the golden anniversary volume. May the
next 50 years of the Association be equally successful and rewarding to
those involved and interested with the geology of New York State.

D.F. Merriam, President

New York State Geological Association
Department of Geology

Syracuse University

Syracuse, NY 13210
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FIELD TRIPS
23 September (SATURDAY)

Trips leave from SU Colvin parking lot of Manley Fieldhouse at 8:30 A.M.
There is ample parking space in this area. Note all Saturday field trips
are by bus, except A-2 which will meet in Blue Mtn. Lake and A-6 which
will meet in Alexandria Bay.

A-1

A-2

A-4

A-5

A-6

A-7

A-9

A-10

A-11
A-12

Structures in lower Paleozoic rocks, northwest Adirondacks: leaders,
J.T. Bursnall and Brian Barber, Syracuse University

Structure and petrology of the central Adirondacks: leaders, G.M.
Boone, Syracuse University; Ennis Geraghty, New York State Geo-
logical Survey; and J. McClelland, Colgate University

Lower Hamilton Group paleoecology: Tleaders, J.C. Brower and 0.B.
Nye, Syracuse University

Geomorphology of the southeast Tughill area: Tleader, E.H. Muller,
Syracuse University

Upper Hamilton group paleoecology: leader, T. Grasso, Monroe Com-
munity College

Paleoenvironments of the Potsdam Sandstone and Theresa Formation,
northwestern New York: 1leader, B.W. Selleck, Colgate University

Benthic communities in the Ordovician clastics, Tug Hill Region:
leaders: D.J. Thomas, SUNY Oswego and P.W. Bretsky, SUNY Stony
Brook

Punctuated aggradational cycles in the Black River-Trenton and
Helderberg-Onondaga: a general model of deposition: leaders,
E.J. Anderson and P.W. Goodwin, Temple University, and B.W.
Cameron, Boston University

Eurypterid horizons and stratigraphy of the upper Silurian and Tower
Devonian rocks of central-eastern New York: leader, S.J. Ciurca,
Jr., Rochester, New York

An examination of bottom sediments in Seneca Lake: Tleader, D.L.
Woodrow, Hobart and William Smith Colleges

Nine Mile Point nuclear site: 1leader, J.A. Fischer, Dames & Moore

Geology of the Tully Limestone: 1leaders, J.M. Cubitt, Syracuse Uni-
versity and P.H. Heckel, University of Iowa

ix



24 September (SUNDAY)

Trips leave from SU Colvin parking Tot of Manley Fieldhouse at 8:30 A.M.

Note only trips B-2, B-3, and B-5 are by bus, all other trips are by pri-
vate car.

B-1 Lower Hamilton Group paleoecology: Tleaders, J.C. Brower, and 0.B.
(A-3) Nye, Syracuse University

B-2 Syracuse channels: 1leader, B.M. Hand, Syracuse University

B-3 Valley Heads Moraine in the Syracuse vicinity: 1leaders, D.E. Andrews
and R.J. Jordan, Syracuse University

B-4  Punctuated aggradational cycles in the Black River-Trenton and

(A-8) Helderberg-Onondaga: a general model of deposition: Tleaders,
E.J. Anderson and P.W. Goodwin, Temple University; and B.W.
Cameron, Boston University

B-5 An examination of bottom sediments in Seneca Lake: 1leader, D.L.
(A-10) Woodrow, Hobart and William Smith Colleges

B-6 Moss Island (an examination and history of the newest National Land-
mark in the US): Tleader, H. Muskatt, Utica College

B-7 Upper Devonian biostratigraphy near Cortland: 1leaders, J.W. Harring-
ton and G. Heaslip, SUNY Cortland

B-8 Geology of the Tully Limestone: 1leaders, J.M. Cubitt, Syracuse Uni-
(A-12) versity and P.H. Heckel, University of Iowa



LAUDABLE LEGACY ---=- a synopsis of the titans of
geology and paleontology in New York State

Donald W. Fisher, State Paleontologist
Geological Survey, New York State Museum, Albany, New York 12234*

"Not to know the events which happened before one was born,
that is to remain always a child" ..... Cicero

Someone famous once said, "Great minds talk about ideas, average
minds talk about events, and small minds talk about people." At the risk
of becoming a target for a brusque and unflattering categorization, I
shall nevertheless proceed to talk about people, events, and ideas in
that order of emphasis. Because people report on events and ideas, it
seems to be the most expedient procedure to introduce you to the notable
personages who fostered geological and paleontological thought prior to
offering an analysis of the events and ideas that have transpired. Tracing
almost two centuries of the history and development of geology and
paleontology in New York State is no small story. The abridgement that
follows focuses on the highlights of that evolution.

Within the designated scope of this overview, it is impossible to
acknowledge all those who have made significant contributions toward a
better understanding of the sediments, rocks, fossils, geologic processes,
depositional environments, geologic structures, and geologic history
within the Empire State. Those whom I have chosen to recognize are
regarded as having contributed the most toward the elucidation of the
geology and paleontology of New York State. Doubtless, a few of you may
disagree with some of my choices or omissions. This, of course, is your
privilege (and mine!); I offer no apologies for my selection.

Prior to the 1820's, geologists and paleontologists did not exist as
such. Instead, those who observed, lectured on, and wrote about geological
things usually were physicians, lawyers, theologians, philosophers, or
travelers. Customarily, these learned ones also concerned themselves with
botany, chemistry, physics, and zoology. Because of their broad interests
in natural history, they were labelled "naturalists." Probably the most
gifted and versatile of these late 18th century-early 19th century
scientists was the physician-lawyer Samuel Latham Mitchill (b. 1764, North
Hempstead, Long Island; d. 1831, New York City) (Plate 2). As a youth, he
studied medicine with an uncle, Dr. Samuel Latham and, later, with Dr.
Samuel Bard in New York City. Mitchill received his Doctor of Medicine
from the University of Edinburgh, with honors, in 1786 and it seems likely
that he must have come under the "spell" of the famous James Hutton, while
there. Mitchill studied law with Robert Yates, Chief Justice of New York.

*Published by permission of the Director, New York State Museum, Journal
Series No. 253.
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Effectively combining the studies of medicine and law, Mitchill served as
U.S. Congressman, U.S. Senator, and Professor of Natural History, Chemistry,
Agriculture, and Botany at Columbia University. He was instrumental in
founding several scientific journals and was a frequent contributor to
them. Also, he was a polished orator and poet. Mitchill's reputation as

a naturalist was international and served to enhance the scientific stature
of the "New Republic." His political acumen was such that Thomas Jefferson
referred to Mitchill as the "congressional dictionary." Mitchill was
equally at home studying the geology of Niagara or the anatomy of an egg,
in offering suggestions on windmill efficiency or deciphering a Babylonian
brick, in championing the cause of Fulton and Livingston in promoting

steam for navigation or in studying conchology. Truly, Samuel Mitchill

was "Mr. Scientist" in young America and had he been an artist, too, he
most certainly would have been labelled "America's Leonardo daVinci." On
my somewhat whimsical "Paleontological Time Chart" (Plate 1), the "Mitchill
Period" begins with the first informal geological survey of New York State
(1?93-1796?---by Mitchill---and encompasses the beginnings of better
recorded, though still a "curiosity" approach to, geological study in New
York.

Amos Eaton (b. 1776, New Concord, N.Y.; d. 1842, Troy, N.Y.) (Plate 2)
epitomizes the budding of the natural sciences in an emerging nation.
Like Mitchill, Amos was a talented youth with a broad spectrum of interests
including oratory, blacksmithing, and surveying. After studying law and
receiving a B.A. from Williams College, Eaton became a land agent, acting
as attorney, rent collector, and all-around supervisor for a Livingston
estate near Catskill, N.Y. Eaton's legal career ended abruptly in 1810
when he was wrongfully convicted of forgery and sentenced to 1ife at hard
labor----without clemency. This was a most severe penalty considering the
supposed crime. While incarcerated in Greenwich Prison in New York City,
Eaton learned botany from the warden's son, John Torrey----who was later
to distinguish himself as a famous botanist. Pardoned in 1815 through
DeWitt Clinton's intervention, Eaton resumed his college education at Yale,
studying chemistry, geology, and mineralogy under Benjamin Silliman, and
botany under E1i Ives. Eaton's "Manual of Botany" went through eight
editions and contained descriptions of 5,267 species of plants. His
scientific stature was further enhanced as a travelling lecturer of natural
sciences----perhaps the first on such a broad scale. Amos Eaton's first
geological contribution was "An index to the geology of the Northern States,
with a transverse section from the Catskill Mountains to the Atlantic"
(1818). But his best known geological production was the 163-page, "A
Geological and Agricultural Survey of the District adjoining the Erie
Canal" (1824). The canal book featured a revised and elaborate classification
of North American rocks. Four major classes were recognized: Primitive,
Transition, Secondary, Superincumbent. These, in turn, were categorized
into 25 divisions and 28 subdivisions. None had geographic names, such as
are used today. Instead, Eaton's rocks sported names like "Primitive
Argillite," "Calciferous Sandrock," "Metalliferous Limerock," "Millstone
Grit," "Calciferous Slate," "Cornitiferous Limerock," etc. This new rock
nomenclature was a brash innovation and invited harsh criticism. Rocks
were correlated by physical description,----now proven to be a dangerous
practice. Eaton's failure to use fossils caused some glaring errors of
sequential arrangement and correlation. As a result, he correlated the






Catskill redbeds (Middle and Late Devonian) with the Queenston redbeds
(Late Ordovician) and placed the salt-bearing strata (Late Silurian) above
both! Seemingly, he was ignorant of William Smith's classic work on
stratigraphy in the British Isles. With T. Romeyn Beck and Lewis C. Beck,
Eaton conducted geological surveys of Albany (1820) and Rensselaer (1822)
Counties,---the first such detailed county studies in North America. The
multitalented Eaton was selected by the patroon Stephen Van Rensselaer as
first senior professor at the Rensselaer School (later the Rensselaer
Polytechnic Institute). Eaton's highly innovative teaching techniques
included students learning by doing via laboratory experiments, field
collecting, and practice teaching. A1l this was a bold departure from the
boring, stereotyped method of that day which saw professors formally reading
from prepared notes and calling on students to recite from memory. The
spirit of camaraderie between Eaton and his students was one not previously
developed in the scientific community and was no small point of professional
jealousy among the well-known universities of that period. The Rensselaer
School, together with a School of Industry operated by William Maclure at
New Harmony, Indiana, attracted the best would-be geologists of the early
19th century, and between them produced most of the outstanding geologists
of that period. Amos Eaton was also a pioneer in women's rights, openly
encouraging young ladies who possessed a scientific bent. Among these

were his daughter, Sarah Cady Eaton, his sister-in-law Laura Johnson,
Almira Lincoln Phelps (sister of Emma Willard who founded the famous school
for girls in Troy), and Mary Lyon, the emancipator. Eaton prepared the
first "Geological Textbook" (1830) which sold for $1.50 and included the
first colored geological map of New York State. As an educator, he
introduced the Bachelor of Natural Science and Bachelor of Civil Engineering
degrees. Amos Eaton, this zealot of science, attained the rare achievement
of becoming a colossus in two sciences----geology and botany. Between

1817 and 1841, his passionate peddling of science, through more than 4,000
lectures, 12,000 chemistry experiments, and over 17,000 miles of "field-
tripping," provided an impetus in natural science at a time when scientific
artifacts became more than curiosities of nature. Appropriately, the 1818-
1836 interval is termed the "Eatonian Period" in the evolution of geoloay
in New York State (Plate 1).

April 15 is both an infamous and famous day. Infamous because,
annually, it is the deadline for payment of Federal and State income
taxes. Famous, for April 15, 1836 was a turning point in the development
of geological undertaking in New York State because it marked the initiation
of state-sponsored geologic study. On that momentous day, Governor William
Marcy, an ardent proponent of conservation of the State's poorly known but
presumably vast natural resources, signed into law the establishment of the
Natural History Surveys of New York. Geologists should be especially
indebted to the then-Secretary of State John A. Dix. It was he who so
convincingly argued in favor of a geological survey, before the skeptical
legislature succumbed to his enthusiasm and appropriated $104,000 for that
purpose.

Upon the advice of Eaton and Edward Hitchcock (Professor of Geology
at Amherst College, and respected New England geologist), the state was
apportioned into four geological districts. Not one, but four State
Geologists were appointed with equal authority (and, it was hoped, equal



competency!). U.S. Army engineer William W(illiams) Mather (b. 1804,
Brooklyn, Conn.; d. 1859, Columbus, Ohio) (Plate 4) was given charge of
the First or Eastern District. Rensselaer School Professor of Chemistry
(and Albany Medical College Doctor of Obstetrics) Ebenezer Emmons, Sr.

(b. 1799, Middlefield, Mass.; d. 1863, Brunswick County, N.C.) (Plate 4)
headed the Second or Northern District. Conchologist Timothy A(bbott)
Conrad (b. 1803, Trenton, N.J.; d. 1877, Trenton, N.J.) (Plate 4) became
chief of the Third or Central District. Paris-trained geologist Lardner
Vanuxem (b. 1792, Philadelphia, Penn.; d. 1848, Bristol, Penn.) (PTate 4),
the only one with formal training in geology, headed the Fourth or Southern
District. Physician and Professor of Chemistry, Botany, Mineralogy, and
Zoology Lewis C(aleb) Beck (b. 1798, Schenectady, N.Y.; d. 1853, Albany,
N.Y.) (PTate 4) was appointed State Mineralogist. Because the 1836
season's work yielded such a prodigious array of unidentified fossils, and
Conrad and Vanuxem were displeased with the boundaries of their respective
districts, the survey was reorganized in 1837 with an adjustment in the
boundaries of the Third and Fourth Districts (Plate 3) and the appointment
of Conrad as Paleontologist. This suited Conrad as he was none-too-fond
of field work anyway and he could remain closeted in Albany, studying
fossils. Vanuxem was transferred to the Third District, which now had
agreeable boundaries, and the young 25-year old James Hall, assistant to
Emmons the previous year, was placed in charge of the new Fourth or Western
District,---considered a geological "no-man's-land" by the elder staff
members. Hall chose his fellow Rensselaer classmates, George Boyd, Ezra
Carr, and Eben Horsford, as his field assistants. Together, this quartet
of relatively "green" geologists demonstrated to their somewhat condescending
colleagues that it was the "wasteland" that would yield the "pearl-in-the-
oyster." Each chief geologist had from one to five assistants. The
resulting five year foot and horseback fieldwork yielded much unsuspected
new information which was summarized in five annual reports and four final,
quarto-size, District Reports (1842-1843). These four classics in early
American 19th century geology are obligatory reading for all those engaged
in geological research in New York State. Beck prepared a final report,
"Mineralogy of New York," a methodical and exemplary monograph of 536
pages and 533 woodcuts----all of this accomplished while simultaneously
serving as Professor of Medicine at Albany Medical College and Rutgers
University. But, alas, there was no final report of the descriptions of
the fossils of the State; this was a bitter disappointment. Although
"married" to New York's Paleozoic fossils by contract, Conrad had carried
on "extramarital affairs" with Tertiary fossils from the Atlantic Coast.
Apparently, the task of preparing over 100 plates and describing scores

of fossils overwhelmed Conrad. Thus, when Governor Bouck abolished the
Survey in 1842, a representative collection of New York's fossils was in
hand, but undescribed. Conrad hastily departed without bothering to resign.
Mather became active with the growing Ohio Survey. Vanuxem retired to his
farm in Pennsylvania. Beck continued research on mineralogy and in
medicine and gained an international reputation for his work on pure foods
and drugs. This left Emmons and Hall, who remained in Albany, competing
to persuade the Legislature to set up funds to collect, study, describe,
and publish on the untapped wealth of fossils that occurred in New York
strata.
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The "New York System," the sequence of rocks developed by the District
Geologists, would not endure and receive national and international
acceptance if it were not fortified by detailed study of its fossils.

Either through superior competence, relative youth, or political chicanery,
Hall was appointed State Paleontologist by Governor Bouck in 1843. As a
conciliatory measure, Emmons was made State Agricul turist but he made the
most of this apparently demeaning appointment. He produced five monographs
on the Agriculture of New York (soils, fruits, insects, etc.) in which he
surreptitiously included his novel notions on the Taconic System of rocks

in eastern New York, -- views whicn were anathema to Hall. Briefly,

Emmons believed that the Taconic rocks were older fossil-bearing rocks

than any others that were then known in New York (Potsdam). Hall, supported
by Mather (who had mapped all of these rocks), the influential James Dwight
Dana, and Louis Agassiz (personal friend of Hall) argued that these deformed
rocks were nothing more than equivalents of the rocks to the west. The
Hall-Emmons discord was widened. In the 1870's and 1880's, discoveries of
diagnostic fossils by S(ilas) W(atson) Ford, Troy jeweler and amateur
geologist, and William B(uck) Dwight, Professor of Geology at Vassar College,
proved that both antagonists were right and wrong: Some rocks in the
Taconics are, indeed, older than the Potsdam whereas others are equivalents
of those further west. In its original guise, the Taconic Controversy

"died a 1ingering death"; within the last three decades it has been
resurrected in a new form in that some geologists have offered different
non-conforming structural interpretations for these complexly deformed
rocks.

The New York State Geological Survey of 1836-1842, or the Seward
Survey (so named because William Henry Seward, later Secretary of State
under President Abraham Lincoln, was Governor of New York during most of
the Survey's years) left a more impressionable legacy upon American geology
than any that preceded or succeeded it. Besides supplying American geology
with a nomenclature largely its own (New York System?, it demonstrated
unequivocally the value of invertebrate fossils for purposes of correlation.
The published results (the "Geology of New York") of the Seward Survey
attests to the dedication and prodigious efforts of those pioneer geologists
(staff of the Survey), ---- traits which modern geologists often fail to
appreciate. Within the time span of the history of New York geology, the
"Conradian Period" (Plate 1) marks the shortest duration but with the
greatest consequence.

The omnipotent reign of James Hall (b. 1811, Hingham, Mass.; d. 1898,
Bethlehem, N.H.) spanned 63 years of public service, a tenure that is
unmatchable owing to the current mandatory retirement age of 70 under New
York State retirement regulations. No other single person exerted as
influential a role in the development of paleontology in North America
during the 19th century than James Hall. Surely, no one before or since,
has been so thoroughly involved with the inception of geologic organizations
and government-sponsored geological surveys, nor has exercised such a
persuasive influence on his fellow colleagues than did this patriarch of
American invertebrate paleontology. Hall's attributes as an astute
observer, sagacious scientist, and prolific writer (he authored 302
scientific articles), coupled with his inflexibility of purpose and dynamic
personality, made Albany, New York, the "mecca" for aspiring young






11



paleontologists. In 1857, Hall had constructed (at his own expense) a
large brick building (still standing in Lincoln Park, within a "fossils-
throw" of the new N.Y. State MuseUm?. To this apprentice school, would-be
paleontologists, artists, draftsmen, and collectors migrated in order to
learn and labor in the shadow of Hall's growing fame. To have been hired
by Hall was an honor and this employment carried credentials unmatched
among 19th century American paleontologists. The experience they gained
under Hall's watchful diligence, mimicking their teacher's study methods,
and receiving free and frequent criticism produced extraordinarily
competent scientists. However, one's employment was certain to be a
tempestuous tenure because Hall never compromised his high ideals and
purposes in favor of a tranquil environment. Amid this continuing
atmosphere of anxiety there was produced some of the finest paleontological
research in North America. Among Hall's "graduates" were: Charles E(merson)
Beecher, John M(ason) Clarke, Orville Derby, Fielding B(radford) Meek,
CharTes Rominger, CharTes Schuchert, Charles D(ooTittTe) WaTcott, Charles
A(bithair) White, and Robert P(arr) Whitfield. Collaborating with these
students, James Hall produced the 13-quarto volume series, "Palaeontology
of New York," consisting of 4,305 pages, and 869 plates of drawings of
fossils. This encyclopedic reference exerted a greater influence on
succeeding American invertebrate paleontologists than any other single
work until the issuance of the current multi-authored "Treatise on
Invertebrate Paleontology," more than a century later. No state-supported
paleontological research has contributed as much toward an understanding
of ancient invertebrate 1ife than has that of James Hall and his disciples.

From time to time, however, the State reduced or suspended Hall's
salary and/or expenses. Undaunted, the wily Hall would not forsake his
original commitment to describe New York's fossils. In lieu of sustenance,
Hall cajoled the State legislature into allowing him to keep two-thirds of
his collections. He did so in order that the fossils might be sold to
provide an equity to carry on his Palaeontology Program. With this capital,
he shrewdly employed more collectors which, naturally, gave rise to more
collections which, after sale, yielded additional funding to perpetuate
his Palaeontology Project. Unfortunately for the New York State Museum
(which Hall founded), and for later workers, Hall's once immense fossil
collections were, thus, scattered. The largest recipients of Hall's sales
were the American Museum of Natural History in New York City, the University
of Pennsylvania at Philadelphia, and the Walker Museum of the University of
Chicago. This latter collection has now been transferred to the Field
Museum of Natural History in Chicago. What Hall did to promulgate his
research was within his mandate, and absolutely necessary for the continuance
of his "Palaeontology Program." In this case, "The end justified the means."

Apart from paleontology, Hall formulated two basic ideas of geology,
the concepts of geosynclines and isostasy. Outlining his idea of crustal
downfolds at the edges of continents in areas of thick sediment accumulation
(later termed geosynclines by Dana) and then compensating responses within
the continent to balance these downfoldings (isostasy), Hall showed that
he was ahead of his time in these areas of thinking.

James Hall's abilities, accomplishments, and adventures rank him as
the foremost and most colorful paleontologist that America has produced.
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Truly, he was the main catalyst and activator for biostratigraphy,
taxonomic paleontology, and paleoecology, fields that he was privileged
to observe wax from unpretentious beginnings to assertive sciences.

Although G(rove) K(arl) Gilbert (b. 1843, Rochester, N.Y.; d. 1918,
Jackson, Mich.) is best known for his meticulous and sound work with the
federal Wheeler and Powell Surveys, his brief career in New York deserves
mention. Receiving his bachelor's degree from the University of Rochester
at 19, Gilbert associated himself with Henry A. Ward, not only professor
at Rochester but founder of the unique institution known as Cosmos Hall,---
later to evolve into Ward's Natural Science Establishment, supplier of
geological and biological specimens and equipment (and some outstanding
zoologists!). Gilbert was responsible for the measurements and comparisons
of the famous Cohoes Mastodon skeleton and for its erection in Geological
Hall in the old State House in Albany in 1867. This exhibit did much to
focus attention and to attract scientists to "Hall's Community" in Albany.

"....he stands today, alone and pre-eminent, the acknowledged master
of field technique, the greatest reconnaissance geologist of our time,"
spoke Douglas Johnson in 1940, then president of the Geological Society of
America, when awarding the Penrose Medal, the Society's highest honor, to
N(elson) H(oratio) Darton (b. 1865, Brooklyn, N.Y.; d. 1948, Chevy Chase,
Md.) (Plate 7). Fifty four years earlier, one month beyond his 21st
birthday, Darton was hired by the U.S. Geological Survey as the direct
result of his card catalog of references on the geology of New York and
vicinity. G.K. Gilbert, then head of the Appalachian Division of the
Federal Survey, suggested that Darton expand his card catalog to include
the entire Appalachian District. Eventually, 13,330 cards were prepared,
covering the area from Maine to Alabama; this later evolved into the
exceedingly useful "Bibliography of North American Geology." In 1892,
W.J. McGee, chief of the Atlantic Coastal Plain Division of the Survey,
sent Darton to New York State to trace the Oneonta strata. While there,
it was arranged that young Darton should work with the aging James Hall
on a new geologic map of New York State. Darton mapped in the Hudson and
Mohawk Valleys and supplied information for other areas of the State where
knowledge of the bedrock geology was previously vague. Darton's New York
mapping covered 9,350 square miles and often necessitated preparing
topographic base maps in the process. Practically all of the compilation
and drafting of the 1893 Geologic Map of New York was performed by Darton.
But when the map was published, it was both shocking and disappointing to
Darton to see only Hall's and McGee's names on the new colored map.
Despite this travesty of justice, Darton's contributions to geology are
preserved in his 15 articles on New York geology (including two U.S.G.S.
Atlas Folios covering southeastern New York). His 50-year career netted
him over 200 publications. There is scarcely an area from the Dakotas to
Texas and Arizona that was not mapped by the most outstanding field
geologist that the U.S. Geological Survey has ever employed.

Eminent stratigraphers inherently possess the compulsory attributes
of conciseness, perspicacity, and scrupulosity. Vanuxem, of the Seward
Survey, had them and so did Charles S(mith) Prosser (b. 1860, Columbus,
Chenango County, N.Y.; d. 1976, Columbus, Ohio) (Plate 7). In 1897, as
Professor of Geology at Union College, Schenectady, and with his students
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Edgar R. Cumings and William L. Fisher, he mapped the bedrock of the
Amsterdam 15-minute quadrangle (N.Y. State Museum Bulletin 34, 1900).
This was the first N.Y. State 15-minute quadrangle to be published in
color. Prosser continued his stratigraphic and paleontologic work by
measuring, in great detail, several thick sections of Middle Devonian
strata in Chenango County. His works were among the earliest to pinpoint
the horizons of fossils within detailed stratigraphic sections. Prosser
early identified some of the Lower Devonian Helderberg limestone facies
problems.

Following the death of James Hall, the statutory positions of State
Geologist and State Paleontologist were assigned to Frederick J(ames)
H(amilton) Merrill and John M(ason) Clarke, respectively. The former had
been appointed Director of the State Museum in 1894 to relieve the aging
Hall from the_bulk of increasing administrative duties; the latter had
been a protege of Hall's since 1882. Merrill (b. 1861; d. 1916) wrote
many articles on sediments and rocks in southeastern New York, particularly
on the metropolitan New York City area; he was a co-author of the still
authoritative New York City Folio of the U.S. Geological Survey Atlas
Series. He resigned in 1904 to do consulting in Mexico and the western
United States whereupon Clarke assumed the dual titles of State Geologist
and State Paleontologist. The ensuing "Clarkian Period" (Plate 1) was the
"Golden Age" of geology and paleontology in New York State. Research,
both state and university sponsored, was greatly encouraged and generously
supported. The result was a plethora of articles covering a broad spectrum
of geological topics. It was a transition period in which detail and
specialization began to replace generalized studies. Whereas Hall was
often crude and tyrannical in his dealings with others, John M(ason) Clarke
(b. 1857, Canandaigua, N.Y.; d. 1925, Albany, N.Y.) (Plate 5) was quite
opposite. Clarke's firm and persuasive manner was tempered by politeness,
quietness, and compromise. Like Hall, Clarke received many Tucrative
offers to teach at universities and, Tike his successor New York State
Geologists and State Paleontologists, chose to close his lengthy career
at the State Museum in Albany. Elected to about 50 scientific societies,
Clarke authored (and co-authored) over 300 scientific papers totalling over
10,000 pages; he named some 135 genera and 870 new species of fossils.

His areas of specialization included: brachiopods, eurypterids, trilobites,
sponges, Naples Fauna, Guelph Fauna, Devonian stratigraphy. During the
“Clarkian Period" topographic mapping by the U.S. Geological Survey in New
York State achieved 100% coverage on a 1:62,500 basis. The time was now
ripe for an intensified program of mapping bedrock distribution and surficial
deposits.

In the field of bedrock geology, two tireless and dedicated mappers
stand out. W(illiam) J(ohn) Miller (b. 1880, Red Bluff, Calif.; died. 1965,
San Diego, Calif.) (Plate 7) mapped ten 15-minute quadrangles between 1907
and 1920 while Professor of Geology at Hamilton College, Clinton, N.Y.
and at Smith College, Mt. Holyoke, Mass. These were published in ten N.Y.
State Museum Bulletins (1909-1926). Miller's mapping was in and peripheral
to the Adirondack Mountains. Considering the complexity of the geology and
the relative inaccessibility of the areas mapped, this was, indeed, a
monumental effort. Miller's interpretive articles for the Tayman and
geologist, "Geological History of New York State" (1914, 1924) and "The
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Adirondack Mountains" (1917) were pioneer efforts to popularize the geology
of the Empire State. In 1924, Miller Teft the east and moved to California
where he started the Geology Department at the then new University of
California; he remained in California for the remainder of his life.

An even larger area was mapped by D. Dana Luther (b. 1840, Naples,
N.Y.; d. 1923, Naples, N.Y.) (Plate 7). Luther, a miller by profession,
was a self-taught stratigrapher, who joined the State Geological Survey
at the age of 51 and performed field mapping until 70. 1In 1891 a rare
opportunity arose to examine in detail the Upper Silurian and Devonian
strata of western New York. An exploratory shaft for salt was to be
excavated at Livonia, Livingston County. A prism 18 feet square and 1,400
feet deep was dug. Luther logged this shaft in meticulous detail, and his
acute observations have proven of great value to this day. During Luther's
state tenure he mapped about 24 15-minute quadrangles, of which 18 were
published between 1904 and 1914. This concentrated career of geologic
mapping is unsurpassed in New York State. Unlike Miller's mapping, Luther's
was done in flat-lying sedimentary rocks of western New York, which are
relatively easily distinguished and easily accessible. This is not to
take away from Luther's prolific production but to compare the complexity
of geology and accessibility to outcrop.

In the field of surficial mapping, James H(ough) Stoller (b. 1857,
Johnstown, N.Y.; d. 1955, Bamberg, S.C.) (Plate 7), Professor of Geology
at Union College, Schenectady, stands out. His mapping of glacial deposits
in the Mohawk and Hudson Valleys resulted in completion of the Schenectady
é]?}1), Saratoga (1916), and Cohoes (1920) quadrangles as N.Y. State Museum
ulletins.

Without challenge, the chief elucidator of New York alacial geoloay was
Herman Leroy Fairchild (b. 1850, Montrose, Penn.; d. 1943, Rochester, N.Y.)
(PTate 7). From 1888-1920, Fairchild was Professor of Geoloay at the
University of Rochester. His many publications, 104 on New York,
concentrate on central and western New York and are primarily concerned
with proglacial lake history and meltwater drainage. Six N.Y. State Museum
Bulletins were authored by Fairchild, as well as the popular "Geologic
Story of the Genesee Valley and Western New York" (1928?

A(madeus) W(illiam) Grabau (b. 1870, Cedarburgh, Wisc.; d. 1946,
Peking, China) is conspicuous as author of two of the finest and most cited
publications that the N.Y. State Museum has ever published. These are
"Guide to the Geology and Palaeontology of Niagara Falls and Vicinity"
(1901) and "Geology and Paleontology of the Schoharie Valley" (1906).

These were prepared while Grabau was Professor of Geology at Columbia
University. Though long out-of-print, they stand as classics on these
geologically vital areas. Grabau's fame rests primarily with his 1,200

page "Principles of Stratigraphy," "North American Index Fossils,"

"Textbook on Geology," and 4-volume work on the Palaeozoic Pulsation Theory.
Interestingly, he also authored 18 articles on New York glacial geology.
Together with his Niagara Falls guide (intended to supply geological
information to visitors at the 1901 Pan American Exposition in Buffalo),
Grabau's first five publications reflect the consummation of subjects in
which he had become interested while 1iving in Buffalo. Chief among these
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was his concise and precise "Geology and Palaeontology of Eighteenmile

Creek and the Lake Shore sections of Erie County, New York" ?1898-1899),---—
intended as a handbook for students and amateurs. Grabau's contributions

to physical and organic stratigraphy and paleogeography spurred his
contemporaries and successors to a period of productive thinking and research
along these lines.

Since the "Hallian Period," probably no one has made a more thorough
probe of the total faunal content of a single group of sedimentary rocks in
New York State than did Percy E(dward) Raymond (b. 1879, New Canaan, Conn.;
d. 1952, Cambridge, Mass.). As a student of G(ilbert) D(ennison) Harris of
Cornell University, he acquired the fine points of field collecting and
learned about N.Y. geology on Harris' famous field trips. Later, he was a
graduate student of Charles E(merson) Beecher and an assistant to Charles
Schuchert at Yale University. Raymond's indoctrination into the realm of
invertebrate paleontology was, indeed, impressive and complete. Between
1905 and 1911, Raymond completed 12 articles on several fossil groups of
the Chazy limestones; trilobites were his specialization. So thorough
were his studies that, today, the Chazy Group is the best known portion of
the New York Ordovician from a faunal standpoint.

The first detailed geologic map of a portion of the Adirondack Mountains,
"Geology of the Lake Placid Region" (1898) was constructed by James F(urman)
Kemp (b. 1859, New York City; d. 1926, Great Neck, N.Y.). During 1892-

1902, Kemp, while Professor of Geology at Columbia University, was engaged

in studies of the complexly deformed rocks of the eastern Adirondacks;

several articles resulted from this work. He is best known for investigations
in economic geology and ore deposition and acquired an international
reputation in these fields. Kemp also served as consulting geologist for

the studies by the New York City Board of Water Supply and was responsible

for selecting the sites for the Croton Dams and the Ashokan Reservoir.

H(enry) P(latt) Cushing (b. 1860, Cleveland, Ohio; d. 1921, Cleveland,
Ohio), Professor of Geology at Western Reserve University, rendered yeoman
work in advancing the knowledge and distribution of New York rocks. He was
employed by the N.Y. State Geo]ogical Survey from 1893 to 1917, spanning
the close of the "Hallian Period" and extending into the heyday of the
“Clarkian Period"; World War I terminated his work in New York. Cushing
authored or co-authored quadrangle geologic reports on the Little Falls,
Thousand Islands, Ogdensburg, Saratoga Springs, and Clinton County regions.
In 1896, he proved the existence of pre-Potsdam dikes in the Champlain
Valley. Based on his broad knowledge of Adirondack geology, Cushing
produced, as early as 1902, a coherent scheme of Adirondack geological
history that is still consistent with subsequent observations.

It is seldom, in the lives of geoscientists, to find one who has been
a pioneer in a branch of geology. But, in engineering geology, such a
pioneer is Charles P(eterg Berkey (b. 1867, Goshen, Ind.; d. 1955, Palisade,
N.J.) (Plate 8). Geologic knowTedge has been applied intuitively to man-
made structures for centuries. Only in recent years, however, has the
geologist been accorded his rightful place on a team that plans and
constructs dams, aqueducts, bridges, power plants, etc. Berkey was foremost
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among those who proved the value of competent geologic advice in the

realm of public works construction. For engineering geology, 1903 was a
memorable year. It marked the appointment of Berkey as junior instructor

in the Department of Geology at Columbia University (where the aforementioned
J.F. Kemp was now senior professor) and it was the year that the Board of
Water Supply of New York City was contemplating bringing water from the
Catskill watershed to service the fast-growing population of the metropolis.
Large tunnels were to pass through mountains; access shafts were to have an
aggregate depth of almost 15,000 feet; large dams were needed to be built

in order to pond reservoirs; tunneled water was to pass under the Hudson
River; and 18 miles of distributing tunnel were to be blasted in a network
of rock beneath New York City. Because engineers were unable to answer all
of the questions which arose, especially those relating to the rocks, this
was a situation made to order for an able, enthusiastic young geologist.
Berkey tackled the problems unhesitatingly and the splendid Catskill,
Delaware, and Croton hydrology systems today are working evidences of his
abilities. Following this successful venture, Berkey's expertise was
demanded during the construction of the Holland and Lincoln Tunnels, and

the George Washington, Whitestone, and Triborough Bridges. During the
ensuing 30 years, hardly a major structure in the United States was built
without Berkey's advice and visitation. Numbered among his projects are

the Boston, Massachusetts water supply, and the Hoover, Shasta, Hungry
Horse, Grand Coulee, and Bonneville Dams, as well as those of the Tennessee
Valley Authority. As a sidenote, Berkey was chief geologist for the Dr.

Roy Chapman Andrews American Museum of Natural History Expeditions of 1922,
1923, and 1925 into central Mongolia. Here, he was co-discoverer of
fossilized dinosaur eggs. Charles P. Berkey's engineering geology influence
will affect the Tives of generations who will not know his name.

Following J.M. Clarke's death in 1925, Rudolf Ruedemann (b. 1864,
Georgenthal, Germany; d. 1956, Albany, N.Y.) (Plate 5) became State
Paleontologist. Ruedemann had immigrated to America in 1892 and taught
in the high school in Lowville, N.Y. Moving to Dolgeville, northeast of
Little Falls, Ruedemann found himself surrounded by some of the richest
graptolite-bearing shales in the United States. As a consequence, over
the years he patiently studied these enigmatic animals and, concurrently,
became a specialist in Ordovician stratigraphy. Eventually, he attained
the status of America's premier authority on graptolites demonstrating
their value as superb index fossils. Among his 163 scientific articles,
Ruedemann's State Museum publications on graptolites, cephalopods,
eurypterids, the Lorraine Fauna, the geology of the Thousand Islands region,
the Saratoga Springs region, the Capital District, and the Catskill area
are frequently consulted. It is noteworthy that Ruedemann's geologic
interests were not restricted to paleontology and stratigraphy. Taught
by the famous Gustav Steinman, Ernst Kalkowsky, Johannes Walther, and Ernst
Haeckel, Ruedemann's Ph.D. thesis at the University of Jena concerned
contact metamorphism of the Reuth batholith in the Fichtelgebirge. Years
later, he applied his Alpine education to the Taconic Mountains and
suggested overthrusting (1909) for the emplacement of the Taconic Allochthon.
Although he retired in 1937, he continued his work for many years, culminating
in the giant Geological Society of America Memoir, "Graptolites of North
America" (1947).
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The "Ruedemannian Period" (Plate 1) witnessed great advances in
stratigraphic knowledge in New York State. One of the principal workers
was George H(alcott) Chadwick (b. 1876, Catskill, N.Y.; d. 1953, Selkirk,
N.Y.) (Plate 8). Chadwick was an extremely dedicated, hard-working
geologist who early in 1ife, became smitten with a love of nature. His
knowledge of plants was equal to that of his geology. As Fairchild's
student at the University of Rochester, Chadwick inherited an appreciation
for the many facets of geology. His bibliography, therefore, covers topics
on glacial geology, stratigraphy, and structural geology. Chadwick's
primary contributions are ?1) recognition and delineation of the complex
facies relations within the Devonian Catskill Delta rocks, (2) clarification
of Middle Silurian Clinton Group stratigraphy, (3) bedrock mapping in the
Canton and Catskill-Kaaterskill Quadrangles, and (4) discovery of a "Large
Fault in western New York." This, later named, "Clarendon-Linden structure"
has occupied the time and efforts of many recent geologists who are
concerned with underground waste disposal, water supply problems, and
earthquake studies. Chadwick authored 35 papers on New York geology, of
which 13 were on glacial geology and most of the remainder on the Devonian.

Another Rochesterian, Harold L(attimore) Al1ling (b. 1888, Rochester,
N.Y.; d. 1960, Pittsford, N.Y.) (Plate 8) furnished important geoloaic
data in diverse geologic disciplines. Fairchild's stimulating teaching
together with the Alling family's annual vacations in the Adirondack
Mountains prompted Harold Alling's first geologic paper to deal with
glacial lakes and glacial features in the central Adirondacks. Aware that
Professor James F. Kemp was investigating Pre-Cambrian rocks in the
eastern Adirondacks, Alling managed to get himself assigned as Kemp's
field assistant. This developed into a Tife-long friendship with mutual
interest in problems pertaining to Adirondack rocks. Alling made noteworthy
discoveries in the fields of igneous, metamorphic, and sedimentary petrology,
specifically addressed to feldspars, graphite, and salt. Seven N.Y. State
Museum Bulletins were authored or co-authored by him. He was one of the
first to write a special textbook on the petrography of igneous rocks.
His enthusiasm for photography was an asset in accumulating hundreds of
photomicrographs of rocks. Harold Alling, using graphite horizons, was the
first to demonstrate that stratigraphy worked in the highly contorted
Adirondack metamorphic rocks.

State Geologists David H(ale) Newland (b. 1872, Vienna, N.Y.; d. 1943,
Menands, N.Y.) (Plate 6) and C(hris) A(ndrew) Hartnagel (b. 1874, Newark,
N.Y.; d. 1962, Slingerlands, N.Y.) (Plate 6) successively followed John M.
Clarke. Their contributions were chiefly in the form of issuing reports
on the mineral resources of the State. Newland, as an economic geologist,
was well aquainted with mineral deposits both in the United States and in
some foreign countries. His bulletin on the Adirondack magnetic iron ores
(1908) is a model for thoroughness and accuracy of description and soundness
of interpretation. It has proved indispensable to succeeding geologists and
engineers in their quest for additional economically feasible mineral
deposits within the Adirondacks. Hartnagel's interests in geology unfolded
as a result of his student-professor relationship with C.S. Prosser at
Union College, listening to Tectures on geological subjects by State
Geologist F.J.H. Merrill, and collecting fossils for State Paleontologist
J.M. Clarke. By his own admission, Hartnagel's most rewarding contribution
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to New York geology was his tracing of the Cobleskill Limestone, in 1902,
westward to prove that it was not the extension of the caprock of the
Niagara cuesta but, rather, that it lay stratigraphically above the Salina
Group. Similar field work with the Oneida Conglomerate and the Shawangunk
"grit" caused him to believe that much of the Salina passed laterally into
the Shawangunk. In his later years with the State Survey, Hartnagel
developed a system of record keeping for 0il and gas wells within the
State. Through his dealing with other State agencies, the State Geological
Survey gained a reputation for being a storehouse of vital geologic
information. As with most members of the State Survey, Chris Hartnagel's
tenure was long, amounting to 44 years.

Upon the retirement of Ruedemann, Winifred Goldring (b. 1888, Kenwood,
N.Y.; d. 1971, Slingerlands, N.Y.) (Plate 5) became State Paleontologist.
She began her career at the N.Y. State Museum in 1914 and continued
productive and significant work until her retirement in 1954. In the
United States, it is with great difficulty that a woman accedes to a high
position in science. For her sound work in invertebrate paleontology and
paleobotany, the Paleontological Society honored her, in 1949, by electing
her its first woman president. Noted especially for her studies on
Devonian trees (Gilboa Forest), Late Cambrian algae (Cryptozoans), and
Devonian crinoids (sea-1ilies), her fields of research mirror her botanical
training. Forty-four titles, ranging from Pleistocene salinities of the
Champlain Sea to Devonian stratigraphy constitute her bibliography. She
is best remembered for her (1) popular type publications, especially the
"Handbook of Paleontology for Beginners and Amateurs: Part I--The Fossils
and Part II--The Formations, and the "Guide to the Geology of Thacher
Park"; (2) publications on Devonian crinoids, chief among which is the
memoir, "Devonian Crinoids of New York"; and (3) classic quadrangle studies,
"Geology of the Berne Quadrangle," and "Geology of the Coxsackie Quadrangle."
The "grandame" of New York State paleontology spread her passion for
paleontology among innumerable graduate students and hundreds of theses
topics which were suggested and implemented during the period 1930-1950.

She was avidly interested in museum exhibition, and the famous restoration
of the oldest known Devonian Forest in the old N.Y. State Museum, reproduced
in many textbooks, has become her exhibit signature.

No one possessed a more intense zeal for Ordovician stratigraphy than
did (George) Marshall Kay (b. 1904, Paisley, Ont.; d. 1974, New York City)
(P1ate 8). TInternationally, he was "Mr. Ordovician," and particularly so
for the "Three N's" (Newfoundland, New York, Nevada). Kay's ardor for
Ordovician stratigraphy was catching and no one who came in contact with
him could resist becoming involved (or embroiled:) in fervent discussions
on terminology or correlations. His most notable contributions are
concerned with descriptions and correlations of Ordovician strata, history
and classification of geosynclines, and their bearing on continental drift
and plate tectonics. In New York, his efforts toward unraveling the
stratigraphy of the Trenton, Black River, and Chazy Groups are especially
cogent. For his prolific publications toward a better insight into the
problems of the Ordovician Period, he was awarded the Geological Society
of America's highest honor, the Penrose Medal.
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Amongst the 1iving, enduring and distinguished contributions on New
York geology and paleontology have been made by A.F. Buddington and G.
Arthur Cooper, respectively.

A(rthur) F(rancis) Buddington (b. 1890, Wilmington, Del.) (Plate 9),
Emeritus Professor of Geology (since 1959), Princeton University, and "Mr.
Adirondack Geology," ----- for his extensive geologic mapping, his intensive
topical studies of complexly deformed and physically complicated metamorphic
rocks, iron ore deposits, and origin of anorthosite. Buddington, and a
few of the many students whom he inspired, mapped about 3,500 square miles,
or about one-third of the Adirondacks. During World War 2, he conducted
the first aeromagnetic survey in the western hemisphere. This resulted in
the discovery of 70 new magnetite ore bodies, including the large Benson
Mines near Tupper Lake; the others are of lower grade and are held in
reserve. Buddington also rediscovered the wollastonite deposit near
Willsboro,---the only major economic source of that mineral in the world.
Since his retirement he has published over a dozen significant articles
and two books on Adirondack petrology, metamorphism, and anorthosite
petrogenesis and was a major contributor (and dedicatee) at a recent
international symposium on the origin of anorthosite. For his many and
significant achievements, he was awarded the Penrose Medal by the Geological
Society of America.

G(ustav) Arthur Cooper (b. 1902, College Point, N.Y.) (Plate 9),
Chief Paleontologist, U.S. National Museum of Natural History, Smithsonian
Institution, and "Mr. Brachiopod," ----- for his detailed paleontologic
and stratigraphic studies of the Middle Devonian Hamilton Group and Tully
Formation, and for his contributions to the knowledge of Chazy brachiopods.
While at Yale University, and under the esteemed Charles Schuchert's
guidance, Cooper blossomed as the current foremost specialist on fossil
brachiopods, especially those of the Ordovician, Devonian, and Permian
Periods. Cooper's brachiopod-taxonomy studies, biostratigraphic investigations,
and identification of facies relationships brought clarity to Hamilton and
Tully rock-unit correlations. For his notable paleontological accomplishments,
Cooper was awarded the Paleontological Society Medal for eminence.

Today, the State Geological Survey and faculties and graduate students
at universities and colleges have embarked upon sophisticated and specialized
avenues of research dealing with New York's geology. Investigations into
the realms of geochemistry, geophysics, seismology, oceanography, paleo-
ecology, and environmental geology have supplemented the traditional areas
of petrology, geomorphology, stratigraphy, sedimentology, economic geology,
mineralogy, and paleontology. This has been made possible through
fascinating new techniques and time-saving tools and equipment, not the
least of which has been the incomparable computer. But, let us pause, and
take cognizance of the pioneering and basic work of our predecessors, who
labored so fervently without benefit of our modern tools and techniques.

It was they who paved the way for our refinements of fact and speculation.
We salute our titans of geology and paleontology and appreciate our
laudible legacy!
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LOOKING BACK OVER HALF A CENTURY:
A BRIEF HISTORY OF THE NEW YORK STATE GEOLOGICAL ASSOCIATION

by
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Manfred P. Wolff
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Hofstra University, Hempstead, NY 11550

FOREWORD

It is only fitting and proper to present the review of the Associa-
tion's first fifty years at this 1978 Golden Anniversary meeting at
Syracuse University, which more than any other New York State institution
has been linked closely to the development of the Association. The call
for the first meeting at Hamilton College (1925) came from the Geology
Department of SU which also hosted the meetings of 1926, 1937, 1950 ?Si1-
ver Anniversary) and 1964, that is at fairly regular intervals of approx-
imately a dozen years.

The permanent record file of the Association served as principal
source of information for this account which reflects some uncertainties
due to the lack of complete data covering the early years. It was not
until the election of a Permanent Secretary in 1953 that such a collection
of records could be initiated and carried out with the help of many
"old-time" members who donated copies of meeting announcements, field-trip
itineraries and other pertinent information from their own files, a fact
which was inscribed duly on each contribution. This valuable service to
the Association hereby is gratefully acknowledged with particular thanks
going to Dr. A. Scott Warthin, Jr., Professor Emeritus of Vassar College
who supplied by far the greatest volume of material.

The reader is referred to Tables 1 and 2 accompanying this article
for a summary of facts and statistics on the first 50 meetings of the
Association.

IN THE BEGINNING
(1925)

On 25 April 1925 a one-page letter addressed to "heads of departments
of geology and others interested" was sent from Lyman Hall of Syracuse
University, the location of the Geology Department. It contained the
following pertinent information (verbatim excerpts are indicated by
quotation marks):

Announcement of the "first annual intercollegiate field meeting of
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Table 1.

New York State Geological Association - 1925 to 1954.

Mtg - Meeting

Abbreviations: C - College Ed - Editor Pp - pages
ChC - Chamber of Commerce Fld - Field Nat Sci - Natural Science S - Survey
CCNY - City College of NY M - Museum NYC - New York City U - University
Note: Unless otherwise noted, all localities mentioned are in New York State.
Mtg Year Host Institution Mtg Locality Dates Type.of Fld President Secretary Attend-
No Information {(*Field Director) ance
(# of pp.)

il 1925 Hamilton C Clinton 5/15-16 F1d Stops (2; *Nelson C. Dale Harry N. Eaton

2 1926 Syracuse U Syracuse 5/14-15 F1d Stops (3 *Harry N. Eaton Harry N. Eaton

3 1927 Vassar C Poughkeepsie 5/6-7 F1d Stops (4 *Thomas M. Hills Thomas E. Burling

4 1928 Cornell U Ithaca 5/11-12 F1d Stops {5 *Henrich Ries 0.D. von Engeln

5 1929 St. Lawrence U Gouverneur 5/17-18 Itinerary (5 *Chas. A. Hartnagel Harold L. Alling 198
6 1930 Union C Schenectady 5/15-17 Itinerary (3) Edward S. Smith Harold L. Alling 199
7 1931 Elmira C Port Henry 5/15-16 Itinerary (8) Harry N. Eaton 0.D. von Engeln

8 1932 U of Rochester Rochester 5/13-14 Itinerary (7) Harold L. Alling J.E. Hoffmeister

9 1933 Columbia U Newburgh/NYC 5/12-13 Pamphlet (8) Robert J. Colony G. Marshall Kay

10 1934 Colgate U Hamilton 5/18-19 Itinerary (10) Harold A. Whitnall Towner B. Root

11 1935 Hamilton C Utica 5/10-11 Itinerary (11) Nelson C. Dale John T. Rouse

12 1936 Penn Geol S Scranton, PA 5/22-23 Itinerary (12) Heinrich Ries Joseph D, Burfoot
i3 1937 Syracuse U Syracuse 5/14-15 Itinerary (7) Lawrence W. Ploger Earl T. Apfel

14 1938 Buffalo M Nat Sci/U Buffalo 5/13-15 Magazine (7) Irving G. Reiman Wm. P. Alexander

15 1939 St. Lawrence U Gouverneur 5/12-13 Itinerary (2?2 Robert W. Brown John S. Brown

16 1940 ChC Town of Catskill Catskill 4/26-27 Itinerary (27 George H. Chadwich Robert W. Jones

17 1941 U of Rochester Rochester 5/9-10 Itinerary (36) J.E. Hoffmeister J.E. Hoffmeister

1942 through 1945 - No meetings during World War II.

18 1946 Vassar C Kingston 5/10-11 Itinerary (6) Thomas M. Hills A.S. Warthin Jr.

19 1947 CCNY NYC 5/9-10 Itinerary (16) D.T. 0'Connell Cecil H. Kindle
20 1948 Hamilton C Clinton 4/30-5/2 Itinerary (11) Nelson C. Dale Robert H. Arndt
21 1949 Cornell U Ithaca 5/13-14 Booklet (35 John W. Wells W. Storrs Cole
22 1950 Syracuse U Syracuse 4/28-30 Booklet (35 Earl T. Apfel Earl T. Apfel 247
23 1951 NY State Geol S Plattsburg 5/18-19 Booklet (42) John G. Broughton Survey Staff
24 1952 Buffalo M Nat Sci/U Buffalo 5/1-3 Booklet (25) Edw. J. Buehler Edw. J. Buehler
25 1953 St. Lawrence U Canton 4/30-5/2 Guidebook (21 Robert 0. Bloomer Robert 0. Bloomer

(Ed J.J. Prucha)
26 1954 Vassar C Poughkeepsie 4/30-5/1 Itinerary (9) John H. Johnsen K.E. Lowe 146
(Perm. Secy.)

See Table 2 for 1955 through 1978.
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Table 2.

New York State Geological Association - 1955 to 1978.

Abbreviations: C - College Mtg - Meeting SUNY - State University of NY
CoC - Community College RPI - Rensselaer Polytechnic Institute TS - Technical Session
CCNY - City College of NY pp - pages Abst - Abstracts
CUNY - City University of NY S - Survey U - University
Note: A1l localities mentioned are in New York State.
Editor of
Guidebook
incl Panel TS Permanent
Mtg Year Host Institution Mtg Locality Dates President Discussions # of Abst (*Executive) Attend-
No & Symposia pp PP Secretary ance
27 1955 Colgate U Hamilton 5/13-14 John G. Woodruff Staff 47 K.E. Lowe 251
28 1956 U of Rochester Rochester 5/4-5/6 William R. Evitt Staff 123 K.E. Lowe 236
29 1957 NY State Geol S Wellsville 5/9-12 Wilber H. Young W.L. Kreidler 66 K.E. Lowe 248
30 1958  CCNY Peekskill 5/9-11 Kurt E. Lowe K.E. Lowe 65 K.E. Lowe 267
31 1959  Cornell U Ithaca 5/8-9 W. Storrs Cole J.W. Wells 45 K.E. Lowe 278
32 1960 Hamilton C Clinton 5/13-14 David Hawley D.B. Potter 68 K.E. Lowe 254
33 1961 RPI Troy 5/12-13 Joseph Rosenholtz R.G. LaFleur 100 K.E. Lowe 329
34 1962 Brooklyn C Port Jervis 5/4-6 Wilbur G. Valentine W.G. Valentine 90 K.E. Lowe 341
35 1963  SUNY at Binghamton Binghamton 5/3-4 Donald R. Coates D.R. Coates 111 K.E. Lowe 357
36 1964  Syracuse U Syracuse 5/8-10 John J. Prucha J.J. Prucha 127 26 K.E. Lowe 406
37 1965 Union C Schenectady 4/30-5/2 Philip C. Hewett Leo M. Hall 120 7 K.E. Lowe 435
38 1966  SUNY at Buffalo Niagara Falls 4/29-5/1 Edward J. Buehler E.J. Buehler 97 32 K.E. Lowe 325
39 1967 SUNY at New Paltz Newburah 5/5-7 Russel H. Waines R.H. Waines 139 10 K.E. Lowe 378
40 1968 Queens C, CUNY Flushing 5/3-5 Walter S. Newman R.M. Finks 251 8 P.C. Hewitt 350
41 1969 SUNY at Plattsburg Plattsburg 5/2-4 Lawrence B. Gillett S.G. Barnett 163 9 P.C. Hewitt 247
42 1970  SUNY at Cortland Cortland 5/1-3 W. Graham Heaslip  W.G. Heaslip 141 5 P.C. Hewitt 257
43 1971  SUNY at Potsdam Potsdam 5/7-8 Neal R. 0'Brien *B.B. VanDiver 148 6 P.C. Hewitt 281
44 1972 Colgate U/Utica C Utica 9/15-17 James McLelland J. McLelland 277 P.C. Hewitt 276
45 1973  SUNY at Brockport Rochester 9/28-30 Philip C. Hewitt P.C. Hewitt 177 D.F. Merriam 342
& Monroe CoC
46 1974  SUNY at Fredonia Fredonia 10/18-20 Olcott Gates D.N. Peterson 187 D.F. Merriam 321
47 1975 Hofstra U Hempstead 10/31-11/2 Manfred P. Wolff M.P. Wolff 327 D.F. Merriam 290
48 1976  Vassar C Poughkeepsie 10/15-17 John H. Johnsen J.H. Johnsen 297 D.F. Merriam 288
49 1977  SUNY at Oneonta Oneonta 9/16-18 P. Jay Fleisher P.C. Wilson 425 D.F. Merriam 430
50 1978  Syracuse U Syracuse 9/22-24 Daniel F. Merriam D.F. Merriam M.P. Wolff

*After 1970.



central New York colleges to be held at Clinton and Little Falls,
New York on the 15th and 16th of May. "Program by" our field
director Dr, N.C. Dale of Hamilton College" to include:

Friday, May 15, 11:00 AM: "Gathering of the clan at Knox Hall,
Hamilton College campus" followed by "Tuncheon at College Commons",

Friday afternoon: Organization of "field parties for the study of
the iron ore deposits and Silurian formations in the immediate
vicinity of Clinton, possibly extending operations as far as the
famous Devonian section at Oriskany Falls"

Friday evening: "Dinner at the Yahnundasis Country Club in the out-
skirts of Utica, price $1.50 per plate, the exact time to be
announced later. A lecture on the geographical and historical sig-
nificance of the Gorge of the Mohawk River at Little Falls will
probably be delivered at this time, the attempt being made to obtain
Dr. Albert Perry Brigham of Colgate University as speaker."

Saturday, May 16: "The party will journey to Little Falls either
by rail, auto or trolley, where the day will be spent studying
preCambrian and early Paleozoic structures and stratigraphy. If
time permits, an interesting side trip can be taken to the his-
toric Herkimer homestead near Little Falls."

The director (or secretary) will arrange for "accommodations in Utica
hotels, on request". He will also prepare "a section of the Paleozoic
of the Oriskany Valley and fossil Tists which will be distributed
later." The secretary then requests early information on the approx-
imate number from each institution planning to attend Tuncheon and
dinner on Friday.

The letter concludes prophetically: "Trusting that this coming first
excursion may be enjoyed by all and that it may be the beginning

of annual gatherings of 1ike character for our mutual benefit and

the fuller knowledge of our great out-of-door science, I remain

faithfully yours
Harry N. Eaton, Secretary"

This is all that has come down to us from that initial meeting more
than half a century ago. We are left to speculate on the nature and extent
of earlier discussions and communications between geology faculty members
of the "central New York colleges" which must have preceded this first
"call to meeting". Considering the Association's subsequent history, we
can only assume that the program as planned was carried out successfully.
We do not know the number of participants, but would quess that it was
rather small and probably included mostly faculty members at this early
stage.

THE EARLY YEARS
(1926-1941)

The time for "annual gatherings of like character" had indeed arrived.
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The 1926 "get-together" at Syracuse University provided a mimeographed
program with annotated 1ists of field stops, a correlation chart and
structural data on the East Oriskany quarries. Also, in October of the
same year Prof, Harold L. Alling of the University of Rochester mentioned
in a Tetter to Prof. Thomas W. Hills of Vassar College, the host institu-
tion for 1927:

“I have been using the name "The New York State Geological Associa-
tion". How does it strike you?" Professor Hills evidently agreed because
the program of the 1927 meeting carried the new name on its masthead where
it has appeared ever since.

It is interesting to note that some of the procedures followed at the
first two meetings became virtually customs for many years to come. Until
1972 annual meetings continued to be held on a spring weekend between
mid-April and the end of May. The preferred scheduling called for arrival
at the meeting locality at noon on Friday, just in time for luncheon (occa-
sionally offered by the host free-of-charge) which probably was deemed
necessary to supply the energy needed for the afternoon field trip and to
tide the participants over until the "official" evening dinner (often
featuring an invited guest speaker). A half-day or full-day field trip
on Saturday then brought the meeting to a close.

Until World War II forced temporary discontinuance of activities
(1942 through 1945), relatively few innovations were made in the conduct
of meetings, although the host institution had a completely free hand in
planning and organizing their meetings. The first time that the meeting
locality differed from that of the host institution was in 1929 (5th
meeting) when Gouverneur, New York served as meeting headquarters with St.
Lawrence University located at Canton, New York (25 miles distant) acting
as host.

The 12th meeting (1936) proved to be unique because it was held at
Scranton, Pennsylvania and hosted by the Pennsylvania Geological Survey,
the only time that the Association extended its activities beyond the
borders of New York State. Participants were also treated to the first
detailed itinerary complete with distances in tenths of miles.

A few years later another unusual event occurred when the Chamber of
Commerce, representing the town of Catskill, New York and its citizens,
hosted the 1940 meeting. The moving spirit behind this invitation was the
Association President, George H. Chadwick, a native of Catskill and for
many years Professor of Geology at St. Lawrence and Rochester Universities.
He was a renowned expert on the geology of the Catskill mountain region
with particular emphasis on its Silurian and Devonian stratigraphy and
structural features.

Although complete registration rosters are available for only two

meetings in these early years (see Table 1), they reveal a remarkably
large and varied attendance as shown here.
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1929 (5th Mtq,) 1930 (6th Mtg.)

Attendance:
Faculty 25 ) 30 ;
Professional Geologists ) 38 = 19% 47 = 24%
& other adults 13 ) 17 )
Students 160 = 81% 152 = 76%
Total Attendance 198 199
Institutions Represented
Colleges & Universities 10 21
Government agencies 2 3
Industrial organizations 7 1
Total number of Institutions 19 25

The large attendance figures are surprising indeed when compared with
those of the meetings after 1954 (see Table 2). Furthermore, the well-
known student-oriented nature of the Association evidently was established
very early. A few faculty members seem to have brought along entire
undergraduate geology classes as suggested by student attendance of 52
from St. Lawrence University (1929) and 48 from Rensselaer Polytechnic
Institute (1930). Such attendance procedures, however, did not go unno-
ticed as pointed out by Prof. 0.D. von Engeln, the Association secretary,
in the preliminary announcement (dated 8 April 1931) for the Port Henry
meeting. He concluded his letter with the following paragraph:

"I may add that there seems to be a general feeling that undergradu-
ates who are not seriously interested and go just for the ride or
the diversion from school work should be discouraged from making

the trip. Of course, if such an undergraduate owns a car and will
furnish the transportation for some of the more seriously inclined
students, it would be a bad policy to head him or her off. No doubt
these comments will sufficiently give you the idea."

One cannot help wondering just how trip leaders managed the field
logistics considering the fact that only one trip was offered at any one
time and private cars were the only mode of transportation mentioned.
Car caravans of great lengths snaking across hill and dale and raising
large clouds of dust must have been a sight to behold!

THE POST-WAR YEARS
(1946-1953)
During World War II no meetings were held from 1942 through 1945,

Consequently, meeting No. 17 of 1941 was followed by meeting No. 18 of
1946. T.M. Mills and A.S. Warthin Jr. of Vassar College, who had been
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chosen to conduct the cancelled 1942 meeting, wrote to the "member insti-
tutions" on 21 September 1945 offering to host the "customary two-day
meeting next Spring", One paragraph of this letter is worth repeating
because it clearly states the original purpose of the Association.

"At this time we think it in order to restate the primary aim of these
meetings. They were originally set up to give the students in the
member colleges a chance to see other parts of the State in the field.
At some meetings it has seemed to us that the aim was a little ob-
scured, and that the meeting was conducted on more of a professional
level, for the benefit of the faculty members attending. With the
formation of the North-eastern Section of the G.S.A., the professional
interest can perhaps be best taken care of by meetings of that
Section, leaving us to care more specifically for the students."

It appears that the Association got back into the "old groove"
without difficulty and continued to operate with 1ittle change in the
pre-War style.

At the Cornell University meeting (No. 21, 1949) buses were used for
the first time as exclusive field transportation with the overwhelming
approval of the Association (by mail ballot). The cost per person was
75 cents for Friday afternoon and $1.75 for all-day Saturday. And
while we are mentioning prices, the cost of the annual dinner was $1.85
and a field Tunch went for 75 cents. Who said that there were no "good
old days"?

The records of the Silver Anniversary meeting at Syracuse (No. 22,
1950) included a detailed 1ist of registrants permitting the following
break-down:

Meeting No. 22, 1950: Attendance Institutions represented

Faculty 40) Colleges & Universities 19
Professional, ) Adults

Government & 20) 24% Government agencies 5
other geologists ) & Museums

Students 187) 76% Industrial Organizations 1
Total attendance 247 Total number 25

A comparison with the previously cited attendance figures for the
6th meeting of 1930 shows an astoundingly identical ratio of adult/student
attendance and total number of institutions represented. Except for a
25 percent increase in total attendance, little had changed indeed in
20 years.

In 1951, the New York State Geological Survey, for the first time,
acted as host for the 23rd meeting at Plattsburg in the eastern Adiron-
dacks.

The 25th meeting (1953) at St. Lawrence University probably is best

remembered for its singularly cold, wet, and thoroughly uncomfortable
field weather. In fact, the City College of N.Y. contingent, starting for
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home at about noon on Saturday, May 2, had to battle a raging Adirondack
blizzard and barely managed to reach food and shelter at Lake Placid by
nightfall, with some 15 inches of snow on the ground. But history

already had been made at the business meeting of the Association on

the preceding evening, May 1. As a result of repeated complaints about
lack of coordination and continuity in Association activities (particularly
concerning mailing lists) from meeting to meeting, Kurt E, Lowe proposed
the election of a Permanent Secretary as the only continuing officer of
the Association, The venerable New England Intercollegiate Geoloaic Con-
ference, active since 1901 and operating successfully with such an officer,
was cited as an example. Upon acceptance of the proposal, Kurt Lowe
nominated Dr. John G. Broughton, the New York State Geologist, as the
logical candidate to fill the new position. But to his surprise, Dr.

Lowe himself also was nominated and then elected the first Permanent
Secretary, an office he was to hold for 14 years.

AGE OF "THE" SECRETARIES:
The LOWE Epoch - 1954 - 1967

The new Permanent Secretary was facing a future of great uncertainty
in the absence of any instructions or guidelines offered by the Association
which seemed to say: "You thought of it, now go ahead and do it."

Considering the obviously successful development of the Association
since 1925, despite loose operational procedures and a sometimes lack of
conformity, the Secretary made two basic commitments (to himself), viz.,

1. to maintain the informal, friendly albeit occasionally "loose"
conduct of activities, and

2. to continue fostering the original concept of "student-orienta-
tion" at Association meetings and on field trips.

He then proceeded to concentrate on improvements in communication,
record keeping, financial responsibility, publications and operational
continuity in general, roughly in that order.

On 8 January, 1954 a rather lengthy, 3-part questionnaire was sent to
all New York State Institutions listed in the AGI Directory of Geology
Departments in the U.S. and Canada and to some out-of-State Colleges and
Universities whose representatives had attended Association meetings in
the past. New York government agencies and a few professional geolo-
gists also were included in this mailing. The excellent (78%) response
to this inquiry enabled the fledgling Secretary to prepare summary statis-
tics on all past meetings (1925 - 1953), listing dates, host institutions
and meeting localities as well as New York Institutions which had never
served as host and regions within the State which had not been visited up
to that time.

This information was presented and distributed at the Association

business meeting in 1954 (Poughkeepsie) as the First Annual Report of
the Permanent Secretary, initiating a procedure which was followed

32



annually until 1972 (Nineteenth Annual Report).

. The Second Annual Report of 1955 set the basic pattern of presentation,
ViZz.,

1. Resume of previous year's business meeting;

2. Attendance statistics of previous year's meeting;

3. Mailing Roster Information: Number of institutions and individu-
als on roster; changes and limitations introduced from time to
time;

4. Permanent Record File: Contributions received and records
needed;

5. Proposals for Association action at current meeting;

6. Treasury Report: The initial treasury of $69.50 came
from registration fees at the 1954 meeting. By May of
1955 the cash balance had shrunk to $6.09. Not until 1959
did the treasury reach a healthy balance of $219.64.

These annual reports then high-lighted significant developments and
innovations in Association affairs.

The first "pre-registration with payment" forms introduced at the
1957 (Wellsville) meeting proved so successful that it became standard
operating procedure from then on.

Although the first spiral-ring bound field-trip guidebook was pre-
pared for the 1956 (Rochester) meeting, no extra copies for post-meeting
distribution were available for either the 1956 or 1957 Guidebooks. The
1958 (Peerskill) meeting, however, bprovided a sizable stock of guide-
books for post-meeting sale, which was so brisk that the Secretary found
himself with the added responsibility of stocking and filling orders for
annual guidebooks with the attendant financial headaches. As time went
on, out-of-stock items had to be reprinted further increasing the Secre-
tary's work load. But to this day, all 21 guidebooks from 1957 to 1977
are available for purchase.

Starting with the Sixth Annual Report (1959), statistics on guidebook
sales and inventory were included. 1In addition, yearly Tists of available
guidebooks, their cost and table of contents (as long as this proved
feasible) were made available.

The Seventh Annual Report (1960) included the financial statement of
the 1959 meeting submitted by the host institution (Cornell U.) to serve as
a quide for future hosts. This feature also became a standard report
item.

At the 1963 meeting, Dr. John J. Prucha's proposal to include a %
day Technical Session for the presentation of student papers in the pro-
gram of the annual meeting was accepted. The first of 8 similar consec-
utive, annual sessions was held at Syracuse in 1964. Abstracts of papers
were printed as part of the guidebook or as separate stapled pamphlets
(see Table 2). It should be noted, however, that the Technical Session
at Queens College (1968) consisted of two % day symposia on problems of
regional geology presented entirely by faculty members and professional
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geologists. For reasons that are not clear, Technical Sessions were
dropped from the Association activities after the 1971 (Potsdam) meeting.

A matter of periodic concern was the fluctuation in meeting atten-
dance. Following the low registration figure of 146 (1954), attendance
abruptly increased to 251 (1955) and leveled off between 250 and 280
until 1961 (Troy) when it spurted again to 329, starting an unprecedented
climb to the peak of 435 in 1965 (Schenectady). The rapid change brought
about by the large number of registrants presented serious problems of
planning and logistics for smaller host institutions with somewhat 1imited
facilities for food and lodging. Also, the number of simultaneous field
trips offered had to be increased sharply to accommodate the large crowd,
thus placing additional burden on the departmental staff.

Bus transportation became a "must" for all but a few of the "last-
day" field trips. The Secretary, from time to time, reminded faculty
members to Timit student attendance to graduate students and bona fide
undergraduate majors. Students accounted for 52 percent of attendance
in" 1954, rising to a high of 78 percent in 1957 and then decreasing
slowly to 51 percent by 1966. These figures stayed between 39 and 50 per-
cent from 1967 to 1971 (the last year for which such information is
available).

At the 1966 meeting at Niagara Falls, the Association surprised the
Permanent Secertary with an engraved plaque "in recognition of exceptional
contributions in service to the Association since 1953", which was deeply
appreciated. Little did the Association or the recipient suspect that
the Lowe Epoch had just about run its course. Following a heart attack
in the Spring of 1967 (from which he obviously recovered), the first
Permanent Secretary had to resign from his somewhat less than permanent
post. The Fourteenth Annual Report contained his resignation and outlined
orderly procedures for the transfer of records and stock of guidebooks to
a new Secretary by September 1967.

The HEWITT Interval - 1968-1972

Philip C. Hewitt of SUNY at Brockport, former Association president
(1965), was elected as the second Permanent Secretary with the under-
standing that "permanence" be replaced by a specific period of service at
a later date.

The Annual Reports of the Secretary were continued essentially in
the style and format as had been established over the years. After
dropping below the 400 mark following the 1965 meeting, attendance
ranged between a manageable 250 to 350 from 1968 to 1972. Treasury
balances rose beyond the $1000.00 level and reached $3627.45 by 1972.
Such funds had become necessary to pay for the ever rising cost of reprin-
ting a growing number of older guidebooks. Also, guidebooks continued to
grow in length (see Table 2 for number of pages) with the offering of
multiple field trips and a more detailed and sophisticated presentation of
data, often using numerous illustrations. The 66 pages of the 1957
(Wellsville) guidebook expanded in 20 years to 425 pages of the 1977
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(Oneonta) book.

Secretary Hewitt's particular concern was the Association's tax
status (considering the increasing treasury balances) and its potential
incorporation to remove Tegal responsibility from any one individual in
the event of an accident on an Association field trip. He soon discovered
that the basic requirement was presentation of a formal constitution and
bylaws without which the Association had flourished for over 40 years. He
promptly convinced his predecessor and friend, Kurt Lowe, to accept the
appointment as a Committee of one to draw up the required documents. This
was done by simply putting the operating procedures which had become
established through routine into the legal form of a constitution and
bylaws. Some minor additions and changes were made, particularly limiting
the length of the Secretary's term to 6 years and changing his title from
Permanent to Executive Secretary.

The new constitution was presented for the Association's approval at
the 1970 (Cortland) business meeting. The only provision which caused
considerable argument was the proposed exclusion of student from full
(voting) membership owing to their transient status. Although this clause
gained approval at this (1970) meeting, the Association amended the con-
stitution in 1971 (Potsdam) to grant students the vote on Association
affairs at annual business meetings but excluded them from the permanent
mailing roster. Another amendment was added to provide for a Board of
Directors consisting of the current president, the executive secretary
and the two most recent past presidents.

Another major change took place at the 1971 meeting when the scheduled
hosts for the 1972 meeting, Colgate U. and Utica C., asked for postponement
until the Fall Term because they would not be able to get ready for the
usual Spring meeting. There also had been a growing desire to shift
meetings to the Fall season even though it would make it more difficult
to avoid conflicts with meeting schedules of the New England Intercolle-
giate Geologic Conference, The Geological Society of America, and other
geologic organizations. The dissatisfaction with Spring meetings had
developed as a result of changes in College calendars bringing the Spring
Term to a close as early as the middle of May. The Association then would
have to meet no Tater than the third week in April when the weather is
generally inclement, cold and wet, particularly in upstate New York.

The Association agreed to hold its 1972 meeting from September 15 to 17
on a “t§ia1“ basis, which promptly became an established procedure (see
Table 2).

Hewitt, although elected for a 6-year term, decided understandably
that service for 5 years was enough considering the steadily increasing
work Tload in connection with the sale and distribution of guidebooks
numbering 15 at the time. He appointed a Committee in 1971 to nominate
a new Secretary for election in 1972.

The MERRIAM Stage - 1973-1977

Daniel F. Merriam of Syracuse University was nominated and elected
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Executive Secretary at Utica (1972). The Association had arrived at
another stage in its development. With the internal functioning of the
organization now following a well-established operational routine, the new
Secretary could direct his attention to the Association's external rela-
tions with the geologic profession, governmental agencies, and concerned
public interest groups, a process which his predecessor Hewitt had ini-
tiated.

The tax exemption and incorporation quests were pursued actively but
faced a seemingly unending series of bureaucratic obstacles and delays.
The new constitution and bylaws had to be reviewed and audited, followed
by changes in the wording of the documents which then had to be approved
by the membership. Actually, the Internal Revenue Service was less trouble-
some than the New York State Department of Taxation and Finance which had
to give its approval before the exemption could become a reality. The
official notification of our tax-free status was not received until
Merriam's term had expired ...... 5 years later.

Merriam established contact with the American Association of Petroleum
Geologists (AAPG) leading to the affiliation of the NYSGA with AAPG, which
was approved by the membership at the 1974 (Fredonia) meeting. The
Association now elects 2 representatives and 2 alternates to the house of
delegates of AAPG.

The 1974 meeting also was made aware of the threatened destruction of
the spectacular potholes on Moss Island at Little Falls by the planned con-
struction of a 4-lane highway bridge to be anchored on the Island. A
committee consisting of David Hawley (Hamilton C.), chairman, Ernest
H. Muller (Syracuse U.), and Herman S. Muskatt (Utica C.) was appointed
to Took into the matter and to recommend action by the Association. H.
Muskatt, reporting for the Committee at the 1975 (Hempstead) and 1976
(Poughkeepsie) meetings, kept the membership informed of the continuing
efforts in support of local organizations to preserve the Island as
a "Geologic landmark". Finally, the Committee could report relocation of
the bridge and preservation of Moss Island at the 1977 (Oneonta) meeting
with justifiable pride in the Association's endeavor in the public inter-
est.

During Merriam's term of office the Annual Reports of the Secretary
were replaced by (temporarily, we hope) Minutes of Meetings which gave more
detailed information than the "resume" previously supplied. But owing to
their preparation soon after the close of the annual meetings, they
included only sketchy information on meeting attendance, meeting finances,
and similar factual data which had proven so helpful to the authors of
this history.

The stock of guidebooks was replenished to meet the rise in demand
resulting from advertisements appearing State-wide and in Geotimes.
The considerable cost involved is indicated by the drop of the Treasury
balance from $4489.85 in 1974 to $614.84 in 1976.

The Committee on Organization, Philip C. Hewitt (SUNY at Brockport),
chairman, William D. Romey (St. Lawrence U.), and Robert M. Finks (Queens C.)
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had been charged with (1) determining the advisability of a more organized
structure of the Association including dues and a full slate of officers;
(2) considering the possibility of contracting a central printing service
to reduce the cost of reprinting guidebooks; and (3) reviewing existing
conditions which might favor the return of the annual meetings to the
Spring Term. A questionnaire concerned with these subjects was distri-
buted to all participants at the 1977 meeting and a definitive Committee
report is expected in 1978.

Following Hewitt's example, Merriam also anticipated the end of his
term of office after 5 (rather than 6) years and charged the Nominating
Committee with proposing a candidate for Executive Secretary to be
elected at the 1977 meeting.

The WOLFF Future - 1978 - ?

With the election of Manfred P. Wolff of Hofstra University as Exec-
utive Secretary and the election of Daniel F. Merriam to the Presidency
of the Association for 1978, we have at last reached the present and can
look confidently to the future. Fred, as he is known to one and all, took
an immediate and firm hold of Association affairs. A new 1978 price list
for guidebooks was prepared showing costs of individual copies ranging
from $7.00 (1957) to $15.00 (1977) or $210.00 for the entire sequence
of 21 (including a second, special guidebook prepared for the 1976 meeting).
In order to reduce the cost to libraries, all guidebooks starting with 1956
(Rochester), which is not available in book form, were photographed on
microfiche and may be obtained as a complete set of 22 items for $88.00.
Individual guidebooks on microfiche range from $2.00 (1957) to $10.00
(1977). A 20 percent discount is provided for all students submitting a
student verification form (printed on price 1ist). The reverse side has
a "thumb-nail" history of the Association which preceded the present
effort.

Fred also is following through on Dan Merriam's suggestion to explore
the possibility of affiliating with the National Association of Geology
Teachers (NAGT).

We now Took forward to the promising future of a stable, well-organ-
ized, although "informal" society under the leadership of dedicated "public
servants", the Executive Secretaries. We believe that Nelson Dale and
Harry Eaton, the founding fathers of the Association would be pleased with
the results of their initiative ... 50 years later.
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A Brief History of the Department of Geology at
Syracuse University

by

D.F. Merriam
Department of Geology, Syracuse University, Syracuse, NY

History of the Department of Geology at SU begins with the arrival of
Alexander Winchell in January of 1873 as first chancellor and professor of
geology, zoology and botany. He was the first to occupy ordained chair 13
(geology, mineralogy and botany) in the new University which had been
formed under the sponsorship of the Methodist Church. Winchell actually
was second choice after the Rev. Erastus 0. Haven (later second chancellor
of S?) declined the appointment because of other commitments (Galpin,
1952).

Winchell, born in Duchess County, New York in 1824, had been educated
at Wesleyan (graduating in 1847) and had won distinction as professor of
geology, zoology and botany at the University of Michigan as well as serv-
ing as director of the Michigan Geological Survey. He also had been pres-
ident of Masonic University at Selma, Alabama, and attracted considerable
attention with his book on "Sketches of Creation". The Board of Trustees
and Faculty were impressed with his accomplishments and offered him the
position; after some consultation with friends and family he accepted.

Winchell however soon became disenchanted with being chancellor. It
required an inordinate amount of his time and there was the constant prob-
lem of raising money for the fledgling university. He was a "...beld and
mighty thinker" but "...a scholastic hermit." "The affairs of men in gen-
eral or of students out of the class room did not interest him" (Smalley,
1920). So after only two years he resigned as chancellor but remained on
the faculty teaching for another 5 years (Table 1). Undoubtedly part of
the decision to relinquish his administrative duties was based on domestic
affairs as well as distaste for attending petty duties and details, which
meant in his words "leaving my intellect to lie fallow" (Galpin, 1952).

A year later he accepted a position at Vanderbilt University and divided
his time between the two universities until he received a call to return
to Michigan.

Winchell was first of all a scientist and scholar. He published al-
most 100 papers including nine books. A Tist he kept of his literary com-
positions numbered 566 (Winchell, 1892). He was cofounder of the Geologi-
cal Society of America and of The American Geologist. He has been called
the "Father of GSA" and served as its third president in 1891.

Winchell was a popular lecturer and was described as "...an effective,
if not an eloquent speaker" (Smalley, 1920). He could bridge the gap be-
tween science and religion and had the remarkable ability to inspire and
impart knowledge to others - "no man since the days of the elder Agassiz
has done so much to familiarize the more intelligent portion of our
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Table 1 - Heads and Chairmen of Department of Geology ~ SU

1873-79

1879-83
1883-91

1891-94
1894-95
1895-96
1896-1900
1900-31
1906-31
1931-45
1945-58
1958-63
1963-70
1970-71
1971~

Alexander Winchell

-

Lucien Marcus Underwood

Rev. Charles Wesley Hargitt

Thomas Cramer Hopkins
Charles Henry Richardson
George Babcock Cressey
Earl Taylor Apfel
William Meredith Merrill
John James Prucha

Ernest Hathaway Muller

Daniel Francis Merriam

Prof. of Geology, Mineralogy and

Botany; Prof. of Geology, Zoology
and Botany

Inst. (later Prof.) of Geology,
Botany, and Zoology and in 1889
Prof. of Mineralogy!

Prof. of Biology and Geology

Prof.

Chm.
Chm,
Chm.
Chm.
Chm.
Chm.

of Geology and Mineralogy
Dept. of Geology

Dept. of Mineralogy

Dept. of Geology and Geography
Dept. of Geology

Dept. of Geology

Dept. of Geology

Interim Chm., Dept. of Geology

Jessie Page Heroy Prof. & Chm.,
Dept. of Geology

'This appointment apparently was the beginning of the Department of
Mineralogy which administratively was separate from Geology.
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Top row (left to right): A. Winchell, L.M. Underwood, 1.C. Hopkins
Middle row (left to right): C.H. Richardson, G.B. Cressey, E.T. Apfel
Bottom row (left to right): W.M. Merrill, J.J. Prucha, D.F. Merriam
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American communities with the great deductions and the established results
of our science" (Orton, van Hise, and White, 1892). 1In February and March
1876 the University all but suspended activities as Winchell organized a
school of geology providing instruction in elementary and advanced geology
and in addition delivered 10 lectures on "The Derivative Origin of Species".
The following year he repeated his performance with eight popular lectures,
"Chapters from the Lifetime of a World". Apparently. he returned to the
campus only once after leaving (in 1879) and then to give the J. Dorman
Steele lecture in 1888. He died in Ann Arbor in 1891.

The Department has recognized his contributions with the Alexander
Winchell Distinguished Lecture series given annually to commemcrate his
inauguration on 13 February 1873, and the Winchell Distinguished Alumni
Awards. Winchell Hall was opened in 1900 as a university dormitory.

The first classes of geology were given in Hall of Languages (HL),
although some of them were given in the Myers Block in downtown Syracuse.
Rocm 31 HL was listed as the location on Wednesday and Friday of Winchell's
course on geology for seniors during the winter term (13 weeks) of 1875.
Geology was required of seniors in the classical curriculum during their
third term and of sophomores in the scientific curriculum during their
third term.

By the time Winchell left in 1879, geoclogy was an established course
in the university. He was replaced by Lucien M. Underwood (instructor and
later professor of geology, botany and zoology, and 1889 professor of
mineralogy),who had been a student of Winchell's and had just obtained his
PhD from SU in 1879. He was followed by the Rev. Charles W. Hargitt, a
biologist by training, who was professor of biology and geology from
1891-94. Apparently no geologist was on the faculty in 1894-95 and again
from 1896 to 1900 although geology courses were offered. Edmund Chase
Quereau was professor of geology and mineralogy from 1895-96. Others
during the late 1800's who taught geology were Frank Smalley, who re-
ceived a masters in geology but a PhD in Latin; Oscar Rogers Whitford, a
mineralogist and later with King Gold Mining and Developing Co., and
Edward Henry Kraus, a student of German and mineralogy, who later distin-
guished himself at the University of Michigan.

The first graduate degree in geology was granted in 1876 to Frank
Smalley (AM '76?. Early PhD's include:

1876 Miles Gaylord Bullock
1879 Frederic William Simonds
1879 Lucien Marcus Underwood
1881 Henry Joseph Rice

1884  Samuel John Sornberger
1887 David Worth Dennis

1888 Nicholas Knight

In 1900 Thomas Cramer Hopkins was appointed professor of ageology.
Hopkins had been educated at Stanford University and had just received
his PhD from the University of Chicago. Previously he had been an instruc-
tor in chemistry at DePauw University, assistant state geologist of Arkan-
sas, and assistant professor of geology at Penn State College. He was
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assisted in mineralogy by Edward Kruas who received his PhD in 1901 from
the University of Munich. Kruas left for Michigan in 1904 and was re-
placed by Charles Henry Richardson (PhD, Dartmouth) in 1906. Richardson
rose through the ranks from instructor to professor and Chairman of the
Department of Mineralogy by 1909. Burnett Smith (PhD, University of
Pennsylvania) was appointed an instructor in 1907.

It was in 1907 that the small three-man department moved to their new
quarters on the third floor of Lyman Hall of Natural History (which also
housed the Departments of Biology, Zoology, and Forestry). The Geology
Department Tibrary was moved from HL to Lyman during the term break in
early 1908.

Thomas Cramer Hopkins (1861-1935) was an inspirational teacher; he
was well Tiked and respected. Often the Geology Club met at his home
located adjacent to the campus. Hopkins had been associated earlier with
R.A.F. Penrose (later benefactor of GSA) and F.W. Simonds (PhD, 1879 from
SU) working for J.C. Branner (Stanford University) as assistants on the
newly established State Geological Survey of Arkansas. His prestige in
academics was "rated in part by the number of his published works" (almost
50 titles) and "his wide acquaintence among geologists of the times added
significantly to the benefits to be derived from his teaching" (Holmes,
1977). He had a productive professional 1ife considering he did not
receive his PhD until he was 39. In 1958 W.B. Heroy endowed scholarships
for the outstanding junior and senior majoring in geology in honor of his
beloved professor who died in 1935. Since 1959, 27 undergraduate students
have received the award.

The Geology Club was founded on 4 November 1905. The first vice
president was William Bayard Heroy (PhB, '09) later benefactor and suppor-
ter of the Department. The Club was reactivated in the late 1920's and
has been active since sponsoring field trips, seminars, and social activ-
ities. A professional geology fraternity, Pi Eta Sigma, was founded on
27 November 1915 and was active for about ten years.

The first part of the 1900's was a busy one, although activities
were interrupted by two World Wars and seriously curtailed by a major
depression. George B. Cressey became chairman of the combined Department
of Geology and Geography in 1931. Hopkins and Richardson both retired
that year. By 1945 the Department consisted of five faculty members, and
some 50 advanced degrees had been awarded. Some of the graduates of this
time include A.E. Brainerd (MS, 1912), Florence Huck (AM, 1920), Louis
W. Ploger (AM, 1922 and later on the faculty), Chauncey D. Holmes (AM,
1927), Stewart H. Ross (MS, 1928), Louis Wade Currier (PhD, 1930),

Samuel S. Goldich (AM, 1930), Marjorie Hooker (AM, 1933), Harry J.
Klepser (AM, 1933), Neil A. Miner (AM, 1933), Andrew J. Mozola (MS, 1938),
Russell F. Kaiser (MS, 1939), and Robert F. Black (AM, 1942).

The New York State Geological Association had roots in Syracuse.
Announcement of the first annual intercollegiate geological field meeting
held in central New York (1925) and hosted by Hamilton College was issued
by SU's Harry N. Eaton, secretary. Eaton then served as president in
1926 for the 2nd meeting in Syracuse. In addition the 13th (1937),

43



22nd (1950), 36th (1964), and 50th meetings were held in Syracuse.

After WW II the Department of Geology and Geography was split and
George Cressey (PhD in both geology and geography) became chairman of
geography and Earl T. Apfel became chairman of the Department of Geology.
Apfel was followed by William M. Merrill as chairman in 1958 and John
James Prucha in 1963. Ernest H. Muller was interim chairman in 1970-71
and Daniel F. Merriam became the first Jessie Page Heroy professor and
chairman in the spring of 1971. The faculty was increased to 6 by 1962,
8 in 1963, 10 by 1970, and 11 by 1971. :

Numerous scholarships and awards have been established over the years
to honor outstanding students and alumni. In 1961, Chauncey D. Holmes
provided for an award for excellence in beginning geology, which is given
annually to students with the highest grade in the introductory course
and shows the most promise in science. The Newton E. Chute Graduate Award
was eatablished in 1975 to be given annually to the graduate student
judged outstanding based on scholarship, service to the Department, and
professional promise. In 1976 the Faye M. Merriam Scholarship was
endowed for a full-time SU undergraduate geology major to be awarded on
academic achievement, need, and professional promise. The Marjorie
Hooker Award (AM 1933), established in 1977 in support of research, is
given annually to the thesis or dissertation proposal judged outstanding
by the faculty.

SU Department of Geology Alumni are honored for their achievements
each year. The awards are recognized for the alumni contributions to
their profession and service to the Department. To date nine awards have
been announced and include:

1976: Louis A. Fernandez (PhD '69)
Marjorie Hooker (AM '33)
Vincent E. McKelvey (BA '37)

1977:  Samuel S. Goldich (AM '30)
Chauncey D. Holmes (AB '25, AM '27)
Yngvar W. Isachsen (BA '42)

1978: Robert F. Black (AM '42)
B. Churchill Loveland (BS'16)
James R. Slater (MA '17)

In addition to Department awards, on occasion the University confers
honorary degrees. Geologists and others associated with the Department
have been honored and include: ScD's: E.H. Kraus '20, W.R. Jillson '21,
W.F. Libty '57, W.B. Heroy '58, M.K. Hubbert '72, and V.E. McKelvey '75;
and honorary LLD's: W.N. Rice '86, L.S. Smith '17, and E.H. Kraus '34.

Each year, since 1972, the Department has hosted a Geochautauqua in
the fall. The first one was in conjunction with the Heroy Geology Lab-
oratory dedication in 1972. The topic that year was "The impact of
quantification on geology"” and the speakers were G.Y. Craig of Edinburgh
University, R.A. Reyment of Uppsala University, M.K. Hubbert of the U.S.
Geological Survey, W.C. Krumbein of Northwestern University, S.C. Robinson
of the Geological Survey of Canada, and J.C, Griffiths of Pennsylvania
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State University. Proceedings of the symposium were published in the
Syracuse University Geology Contribution (SUGC) series.

The Department initiated the SUGC publication series in 1973 with a
paper on "Geology in the Service of Man" by V.E. McKelvey (BA '37). A
publication outlet had long been needed for the Department and the new
series filled that need. The first publication, which was both timely
$nd relevant, was dedicated to the promotion of geology in the Upstate New

ork area.

An auspicious event took place in the history of the Department in
1966. William Bayard Heroy (PhB '09) approached the University with an
offer to contribute money towards a geology building. Heroy had been
supporting the Department through gifts for scholarships, equipment, and
research during the previous 10 years, His offer was accepted graciously
and the building named in his honor. The building was completed near the
end of 1971 and the Department moved between semesters in December of
1971 and January 1972 from their third-floor quarters in Lyman where they
had been since 1907 to the spacious new Heroy Geology Laboratory (HGL).

Heroy also endowed a distinguished chair of geology in honor of his
first wife Jessie Minerva Page Heroy (PhB '08). D.F. Merriam was the
first to occupy the position.

Heroy (1883-1971) was active in many geological organizations and had
served them in many capacities (Conselman, 19?4?. He was cognizant of

his education as a factor in his success both as a professional geologist

and in business, and as a result he gave generously to his alma mater,
Syracuse, to Southern Methodist University, where he spent much time in

his later years, and to the Paleontological Research Institution in Ithaca.
He gave money to both SU and SMU for buildings to house their geology depart-
ments. In recognition of his many accomplishments he received many

awards and honorary degrees. He died in 1971.

In 1978 the Department consists of 11 faculty (including vice chancel-
Tor J.J. Prucha), 40 graduate students (MS, MA, and PhD) and another 5
completing requirements off campus, and about 55 majors (both BS and BA).
The curriculum stresses field work and computer applications including
geomathematics. As a medium-sized department with Timited resources,
all fields are not covered but an all-around basic education is offered at
the undergraduate level. Specialization is possible at the graduate
level, with either the group concerned with events on the stable interior
of the craton or with continental margins. About 1500 students a year
enroll in introductory courses where they get an understanding of geology
and an appreciation for their environment.

The future at this time looks bright for geology and the Department

anticipates an active and exciting time during the remainder of the 20th
Century.
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TO A CAMBRIAN TRILOBITE

Oh thou, great warrior of th'emergent earth,
First conqueror of Neptune's mighty deep,
Reveal the secret of thy early birth,

And where and how and why you came to reap
The fruits of life's emergent evolution,

To conquer all that dared to live. Oh, say
For me the reasons for your dissolution,
What mighty battle ended your life's day.
Although you dwelt in glory for a time,

You were not destined to immortal be.

New types replace the old, for in its prime
This form must cede to that control o'er sea.
So tell--must man, who now is king o'er all,

In prime of life be overthrown and fall?

Barbara Eaton Ferguson, PBK AB
Syracuse, 1949

(from the fieldtrip guide for the NYSGA Silver Anniversary Meeting,
Syracuse University, 28-29 April 1950)
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Deformation Structures in Lower Paleozoic Rocks, Northwestern New York

Brian G. Barber and John T. Bursnall
Department of Geology, Syracuse University, Syracuse, NY

INTRODUCTION

This field trip is concerned with the nature and origin of some de-
formation structures within Lower Paleozoic cover to Precambrian basement
in the vicinity of Theresa, New York (Fig. 1). Many of the structures
suggest localized mobility within the basement that generated instability
within the cover rocks - both during and at some time following their de-
position.

A1l of the main stops will be within the Potsdam Sandstone (Upper
Cambrian) and the Theresa Formation (Lower Ordovician). A cursory examin-
ation of some of the Precambrian gneisses also will be made.

The Potsdam Sandstone in the Theresa area lies with marked angular
unconformity on a Precambrian sequence of marble and quartzofeldspathic
gneisses. The sub-Potsdam surface in places is rugged with a relief in
excess of 70 ft although some of this relief may be due to penecontempor-
aneous faulting during sedimentation (Stops 2 and 3). The relict topo-
graphy in part may be due to differential erosion of alternating zones
of marble and quartzofeldspathic gneisses because in some areas the marble
underlies marked topographic depressions. Where observed, the lowermost
Potsdam occurs above an approximately 3-ft thick weathered zone of the
basement rocks (Barber, 1977). The Potsdam Sandstone in this area typi-
cally consists of a buff to light-gray, thin-bedded to massive, silica-
cemented, medium- to fine-grained orthoquartzite: minor amounts of detri-
tal feldspar, mica, and tourmaline occur but rarely exceed 3 percent of
the mode. It lacks the pink coloration of the lower parts of the forma-
tion in the north (Kirchgasser and Theokritoff, 1971; Selleck, 1978).

The irregular topography on the Precambrian profoundly influenced
Potsdam sedimentation. Lowermost Potsdam rocks occur in depressions of
the basement surface and these areas are characterized by syndepositional
deformation structures. Rapid and large changes in thickness, breccia
slides, and minor faulting suggest active faulting during deposition
(Stops 2, 3 and 5). At least one of these areas is on strike with NE-
trending faults within the basement to the north (R.V. Guzowski, 1977,
pers. comm.; Barber, 1977: Buddinaton, 1934).

The overlying Lower Ordovician Theresa Formation ranges in composi-
tion between dolomitic 1imestone to quartz sandstone, the latter being
concentrated in the lower 5 to 10 ft of the formation (Stop 1). Calcite
sandstones Tocally occur within the succession. Typically, the Theresa is
thinly bedded and Tight gray. Convolute lamination is a Tocally abundant
feature.

In the central part of the area (Fig. 1), Theresa limestones outcrop
as outliers capping elongate low-amplitude domal folds. These are best
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observed within a 3-5 mi wide NNE-trending zone extending from Perch Lake
in the south to Butterfield Lake in the northern part of the area. The
boundaries of this zone are marked imprecisely by NNE-striking probable
fault zones within the basement. The effect of these on the Potsdam-
Theresa sequence is seen as instability during sedimentation in the east
(see previous discussion) and in post-depositional folding throughout

the zone. The Tlatter is particularly well developed in the central and
western parts of the zone within the structurally higher Theresa Forma-
tion.

Fold-producing post-Ordovician deformation has been described from
the succession to the north, in the St. Lawrence Valley (Chadwick, 1915)
and post-Potsdam mineralization along veins and joints throughout the
region close to the contact with the Precambrian attests to Phanerozoic
thermal reactivation of parts of the basement (B.W. Selleck, 1978, pers.
comm.). This may have been accompanied by major faulting that deformed the
overlying cover. No faults of regional extent have been observed to cut
the cover rocks in the Theresa area (Barber, 1977).

FIELD GUIDE

Leave Syracuse and follow US I81 northwards. Between Syracuse and
Stop 1 (north of Watertown, Fig. 2), the highway passes through flat or
gently rolling topography of the Ontario Lake Plain. Exposures from the
vicinity of Watertown northward consist of gently folded strata of the
Trenton, Chaumont, Lowville, Pamelia, Theresa, and Potsdam Formations.

Stop 1. Junction Rt I81 and Rt NY 411

The Towermost part of the Theresa Formation is exposed on both sides
of this road cut in the hinge zone of an elongate, NE-trending dome (Fig.
2). It is typical of many of the upright to steeply inclined gentle
anticlinal folds in the region that occur as relatively high ground separ-
ated by broad synclinal or undeformed rock underlying the intervening low
and usually poorly drained ground. This 'first order' topography is char-
acteristic of the western and central parts of the area. The fold trends
N33°E, and the hinge line plunges NE at approximately 12° at this locality.
The interlimb angle is around 160 and no measurable layer thickness var-
iation occurs across the fold.

To the south the hinge-zone widens and extends for at least a mile.
Minor folds are present in a relatively flat-lying axial zone.

Three recognizable but dispersed joint sets traverse the fold with
mean trends of N74°E, N46°E , and N50°W (Barber, 1977). Probably only
the N46°E set is related directly to folding because on rotation of the
beds to the horizontal their poles develop a tight zero plunge cluster
whereas the remaining two sets become more dispersed. On the northwestern
1imb, joints of this set dip steeply to the southeast whereas on the
southeastern 1imb, dips are steeply to the northwest; they probably are
extensional 'ab' fractures developed during the folding process. The
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N74°E and N50°W post-date folding.

Other features at this locality include: Tlow-angle joints striking
NE within the hinge zone suggesting a compressional origin for at least
parts of the fold; and a calcite-pyrite mineralization in places occur-
ring along joints of the N74°E set.

The origin of the folds of the type represented at this locality is
enigmatic. They are, however, unlikely to be syndepositional and a gla-
cial origin is not convincing because glacial striae throughout the area
do not hold any systematic relationship to fold trends. The present evi-
dence indicates a tectonic origin, either as localized deformation within
the Lower Paleozoic rocks resulting from faulting within the basement or
from concentration of strain at abrupt changes in relief, and therefore
a probable thickness variation in the Potsdam Sandstone. Relatively high
strain at the Potsdam-Theresa boundary or within the transitional zone
between the two 1ithologically distinct formations has not been supported
by the limited observations possible at this stratigraphic level. The
regional shortening required for such Tow-amplitude folds is extremely
small.

A comparison with a fold of known glacial origin (Stop 5A) will be
made following Stop 5.

Continuing east on Rt NY411, the Potsdam-Theresa transition beds may
be observed forming a lTow cliff to the left (north side of the road and
optional Stop 1A). English Settlement Road is on a low plateau underlain
by typical, evenly bedded Potsdam Sandstone for the first 1.5 mi, then dips
into a lowland underlain by alternating marble, gneiss, and quartzite of
Grenville age. Domes and basins of lower Potsdam Sandstone occur through-
out this area.

Stop 2. English Settlement Road

Exposures are of Potsdam Sandstone typical for this area (Fig. 3).
Hematite staining has accented crossbedding, minor slump structures and
small-scale Tamination. In some occurrences, however, the staining is
independent of any internal structure and may be described as 'liesegang
banding'.

Bedding is folded in a manner typical of the Tower part of the Pots-
dam Formation. Hinge 1ines are tenuous and variable in orientation, and
individual beds thicken and thin greatly through short distances. The
most obvious fold at this locality is one of a series of irregular gentle
undulations of bedrock, between which are small areas underlain by Gren-
ville rocks or horizontal Potsdam strata. The hinge-line of the fold
trends approxiamtely N4O°E. Other folds in the area exhibit a similar
trend wherever hinge lines can be determined accurately (Fig. 3).

The railroad cut transects the southern end of the fold at an oblique

angle, and expresses a hinge-zone as well as the northwestern 1imb. The
central part of the fold is comprised of horizontally bedded Potsdam and
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shows no evidence of deformation. On the Timb, however, are a number of
features indicative of pre-induration deformation. Approximately 10 ft
from the northern end of the outcrop, a massive sandstone layer abruptly
deflects downwards and terminates against an adjacent underlying layer.
Overlying layers exhibit annealed fractures and Tumpy, contorted bedding
as they form a flexure over the zone. The flexure has been propagated to
the top of the exposure.

Strata to the south, for a distance of approximately 65 ft, form the
fold 1imb, which dips between 5° and 10° toward the northwest. The sand-
stone is cut by fractures, some of which are differentially weathered nor-
mal faults of small displacement (usually less than 0.5 in) that dip to the
northwest. Some of these are filled with granular quartz.

On the T1imb, beds pinch and swell and may change from massive to
shaly character through distances of 10 ft or less. Most crossbedded
layers are thin and crossbeds are planar.

A major slump structure occurs near the foid crest (partially ob-
scured by a pine tree). At the lower part of the outcrop, a portion of a
large slump block is exposed. Poorly layered sandstones within and adja-
cent to the block are separated by a narrow zone of homogeneous disturbed
sandstone.

The abundance of features indicative of soft-sediment deformation
suggests that these folds, which generally occur adjacent to topographic
highs of the basement, formed by rapid downslope movement during and
closely following sedimentation.

The escarpment that crosses NY411 at the western edge of Theresa is a
possible fault scarp. This fault extends as a topographic 1ineament dis-
continuously for 2 or 3 mi northeast of the village (Fig. 4).

Stop 3. Theresa Village

This outcrop is located on the Theresa side of the Rt NY26-411 bridge
over the Indian River. At the cliff face on the south side of the road,
Potsdam Sandstone overlies an exposure of weathered basement gneiss. The
effects of initial dip are evident here as the Potsdam offlaps a knob of
Precambrian rock. Irregular bedding, numerous minor unconformities and
evidence of soft-sediment deformation characterize the outcrop. Where
the Precambrian core has been eroded, ripples are exposed within the
Potsdam that probably formed as a result of slow downslope movement of
unconsolidated sediment.

Large slump blocks are exposed in the cliff face adjacent to the
sidewalk. Each block is set in a matrix of sandstone that exhibits small-
scale contorted laminae or is accented by hematite. The interface between
block and matrix tends to be sharp, and suggests slumping of partially
consolidated sediments in areas of steep paleoslope.
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Stop 4. Ritchie's Farm

The high ground behind the farm buildings is comprised of variably
bedded, buff-colored, lower Potsdam Sandstone that forms a broad struc-
tural basin toward the north. It is typical of all the outliers of Pots-
dam Sandstone in the region and its relationship to underlying Grenville.
Whether this and other basins of similar type are primary is uncertain.
Calculations of thickness variations in individual beds is not possible
through lack of exposure.

The dominant joint sets in the Potsdam at this locality are nearly
vertical and trend N42°W and N81°E, whereas those in underlying Gren-
ville gneiss trend between N42°E and N66°E and dip southeast between 57°
and 70°. The strike of these joints tends to be parallel to the strike of
the main foliation, whereas dip of these same joints tends to be perpen-
dicular to the foliation. The foliation in coarsely crystalline quartz-
biotite-plagioclase (?o0ligoclase) aneisses, visible a few yards downhill
from the Potsdam contact, strikes N68-84°E and dips northwest between
39° and 43°. This trend is consistent for all exposures of Precambrian
rock adjacent to this and other nearby outcrops.

Stop 5. North of Redwood, Rt NY37

A major basement fault with relative displacement down to the north-
west is inferred to underlie the valley immediately west of the hill (Fig.
4). The hill is comprised of a structural basin containing Potsdam Sand-
stone similar to that at the previous stop. At the roadcut, Potsdam beds
strike N41°E and dip gently southeast. They consist of both evenly and
irregularly bedded sandstone containing 'liesegang''type banding, conglom-
eratic zones and numerous soft sediment deformational structures. A
large cone-shaped concretion of the type described by Dietrich (1953) is
well exposed in the outcrop. The structure seems to consist of a cone
within a cone, with the axis of the inner cone being somewhat offset from
that of the larger, outer cone. The angular relations between bedding
planes and sides of the outer cone, which is approximately 7-8 ft in dia-
meter at the top of the outcrop, indicate that the cone may have been
tilted concurrently with tilting of the bedding. Therefore, rotation of
the Potsdam beds followed at least partial compaction and lithification.
Dietrich ascribed the formation of these structures to slumping of semi-
consolidated sands into solution cavities in underlying Grenville marble.
Within and along the margins of the structure, the sandstone is chaoti-
cally bedded, and contains numerous healed fractures and small slump
blocks. These conical or cylindrical structures occur elsewhere in the
area, and although they suggest the importance of soft-sediment deforma-
tion, this is the only one that occurs in tilted strata.

Optional Stops (time permitting)

1A - Potsdam-Theresa transition beds east of Stop 1.
5A Bedrock deformation of glacial origin. Rt NY12.

Return to Syracuse
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The Structural Framework and Petrology of the Southern Adirondacks

James McLelland
Department of Geology, Colgate University, Hamilton, NY

Ennis Geraghty
97B Shafer Road, Apt. 1B, Albany, NY

with a section on Ledge Mountain by

Gary Boone
Department of Geology, Syracuse University, Syracuse, NY

INTRODUCTION

The area referred to as the southern Adirondacks is shown in Figure 1.
Within this region, the Precambrian is bounded approximately by the towns
of Lowville and Little Falls on the west and Saratoga Springs and Glens
Falls on the east.

Mapping in the southern Adironddcks was done first by Miller (1911,
1916, 1920, 1923), Cushing and Ruedemann (1914), Krieger (1937), and Cannon
(1937); more recent investigations were undertaken by Bartholomé (1956),
Thompson (1959), Nelson (1968), and Lettney (1969). At approximately the
same time Walton (1961) began extensive field studies in the eastern por-
tion of the area (Paradox Lake, etc.), de Waard (1962) began his studies
in the west (Little Moose Mt. Syncline). Subsequently de Waard was joined
by Romey (de Waard and Romey, 1969).

Separately and together, Walton and de Waard (1963) demonstrated that
the Adirondacks are made up of polydeformational structures, the earliest
of which consist of isoclinal, recumbent folds. Their elucidation of

Figure 1. Location of map area. Major an-
orthosite bodies patterned.
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Adirondack geology set the tone for future workers in the area. In this
regard one of their most important contributions to the regional picture
was that the stratigraphy of the west-central Adirondacks is correlative
with that of the eastern Adirondacks.

Beginning in 1967 McLelland (1969, 1972) initiated mapping in the
southernmost Adirondacks just to the west of Sacandaga Reservoir. This
work was extended subsequently north and east to connect with that of Wal-
ton and de Waard. Geraghty (1973) and Farrar (1976) undertook detailed
mapping in the eastern half of the North Creek 15' quadrangle. This tied
into investigations in the Brandt Lake region by Turner (1971). Recently,
Geraghty (1978) completed a detailed study of the structure and petrology
in the Blue Mt. Lake area.

The foregoing investigations have increased our knowledge of the
southern Adirondacks, and this fieldtrip is designed to show as many exam-
ples of the region's structure, 1ithology, and petrology as time allows.

STRUCTURAL FRAMEWORK OF THE SOUTHERN ADIRONDACKS

The southern Adirondacks (Figs. 2, 3, 4) are underlain by multiply
deformed rocks which have been metamorphosed to the granulite facies. The
structural framework of the region consists of four unusually large fold
sets, F1-F4 (Figs. 2, 4). Relative ages have been assigned to these fold
sets, but no information exists concerning actual time intervals
involved in any phase of the deformation. It is possible that several,
or all of the fold sets, are manifestations of a single deformational con-
tinuum.
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Figure 2. Major structural elements of southern
Adirondacks.
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The earliest and largest of these folds are recumbent, isoclinal
structures (Fq1) -- for example Little Moose Mt. Syncline (de Waard, 1962)
and Canada La&e Nappe (McLelland, 1969)(Figs. 3 and 4). These isoclines
have axes that trend approximately E-W and plunge within 20° of the hori-
zontal. As seen in Figure 4 the axial traces of each of the F, folds ex-
ceeds 100 km. They are believed to extend across the entire southern
Adirondacks. Subsequent useage of the terms "anticline" and "syncline,"
rather than "antiform" and "synform," is based on correlations with rocks
in the Little Moose Mt. Syncline where the stratigraphic sequence is
thought to be known (de Waard, 1962).

Close examination reveals that the F, folds rotate an earlier folia-
tion defined principally by plates of quartz and feldspar. Although
this foliation is suggestive of pre-F1 folding, such an event does not
seem to be reflected in the regional ~ map patterns (Fig. 3). However, it
is possible that major pre-F1 folds exist but are of dimensions exceeding
the area bounded by Figure 3. If this is the situation, their presence
may be revealed by continued mapping. The existence of such folds is sug-
gested by the work of Geraghty (1978) in the Blue Mt. area. In the vicin-
ity of Stark Hills it seems that charnockites of the Blue Mt. Formation
may be identical to supposedly older quartzo-feldspathic gneisses "A"
which Tie at the base of the Tithologic sequence. If this is the situation
then the Upper and Lower Marbles are identical and there emerges a pre-F
fold cored by the Lake Durant Formation. However, careful examination
of the Lake Durant Formation has failed to reveal the internal symmetry
implied by this pre-F1 fold model. It is possible, of course, that the
pre-F, foliation may * not be related directly to folding (e.g. formed in

response to thrusting, gravity sliding, etc.; Mattauer, 1975).
Currently the origin of the pre-F, foliation remains unresolved. In most
outcrops the preF1 foliation cannot be distinguished from that asso-
ciated with the F1 folding.

Following the F1 folding, there developed a relatively open and
approximately upright set of F2 folds (Figs. 3 and 4). These are
coaxial with Fl' In general the F folds are overturned slightly to
the north, the” exception being the Gloversville Syncline with an axial
plane that dips 45°N. The F, folds have axial traces comparable to those
of the F, set. The Piseco Anticline and Glens Falls Syncline can be
followed along their axial traces for distances exceeding 100 km until
they disappear to the east and west beneath Paleozoic cover. The simil-
arity in size and orientation of F1 and F2 suggests that both fold sets
formed in response to the same force field.

The third regional fold set (F,) consists of large, upright NNE folds
having plunges which differ depending upon the orientation of
earlier fold surfaces. The F3 folds are observed to tighten as one pro-
ceeds towards the northeast.

The fourth fold set is open, upright, and trends NW. Within the area
these folds are less prevalent than the earlier sets. However, Foose and
Carl (1977) have shown that within the NW Adirondacks, northwest-trending
folds are widespread and play an important role in the development of basin
and dome patterns.
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The regional outcrop pattern is distinctive because of the interfer-
ence between members of these four fold sets (Figs. 3 and 4). For example,
the "bent-index-finger" pattern of the Canada Lake Nappe west of Sacandaga
Reservoir is due to the superposition of the F, Gloversville Syncline on
the F, fold geometry (Fig. 5). East of the reservoir the reemergence
of the core rocks of the Canada Lake Nappe is due to the superposition
on F1 of a large F3 anticline whose axis passes along the east arm of the

reservoir (Fig. 6). The culmination-depression pattern along
the Piseco Anticline results from the superposition of F, and F4 folds.
The structure of the Piseco Dome is due to the intersec-
tion of the Piseco Anticline (F,) with the Snowy Mt. Anticline (F3).
Farther to the north, Crane Mt.” is a classic example of a struc-
tural b§sin formed by the interference of F;, F,, and F3 synclines (Fig.
4 and 7).

DISCUSSION AND SYNTHESIS OF STRUCTURAL RELATIONSHIPS

Over a decade ago Walton and de Waard (1963) proposed that rocks of
the anorthosite-charnockite suite comprise a pre-Grenvillian basement on
which a coherent "supracrustal" sequence was deposited unconformably.
Rocks which would be assigned a basement status in this model are desig-
nated as quartzo-feldspathic gneisses, "a" in Figure 3. The basal unit
of the overlying "supracrustal" sequence consists of marbles, quartzites,
and various calc-silicates. This Towermost unit is followed upward by
various quartzo-feldspathic gneisses, marbles, and other metasedimentary
sequences shown in Figure 8. Although our own research agrees with the
generalized 1ithologic sequences of de Waard and Walton, two major provi-
S0S are necessary and are given here.

Figure 6. F1—F3 fold inter-

Figure 5. Fl-F2 fold inter- ference re-
ference re- sulting in reemer-
sulting in "bent- gence of core of
index-finger" pat- Canada Lake Nappe
tern of Canada Lake east of Sacandaga
Nappe. reservoir.
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Figure 7. Geologic map and cross section of Crane Mt. area.
Note bend in section at c. Rock unit symbols as in
Figure 3 except for black unit which is rich in calc-
silicates. F1 synform involved here is believed to
be eastern continuation of Little Moose Mt.
Svncline.

(1) Anorthositic rocks intrude the so-called supracrustal sequence,
and therefore the anorthosites post-date these units and cannot be part
of an older basement complex (Isachsen, McLelland, and Whitney, 1976;
Husch, Kleinspehn, and McLelland, 1976). The metastratified 1ithologies
within the quartzo-feldspathic gneisses "a" of Figure 3 are believed to
be part of a layered sequence that passes continuously into the adjacent
marbles and overlying lithologies. This model is consistent with numerous
isotope age determinations in the Adirondacks (e.g. Silver, 1968; Hills
and Isachsen, 1975). Field evidence suggests that within the southern
Adirondacks, the anorthositic suite of rocks was synorogenic and intruded
during the F1 phase of the folding.

(2) Within the metastratified units of the region, we have field
evidence for primary facies changes. For example, the well-layered silli-
manite-garnet-quartz-feldspar gneisses of the Sacandaga Formation grade
laterally into marble-rich units exposed north of the Piseco Anticline
(Fig. 3). This transition along strike can be observed just south of the
town of Wells, and its recognition is critical to the interpretation of
the regional structure. Thus the great thickness of kinzigites (granu-
lite-facies metapelites) south of the Piseco Anticline gives way to the
north to thinner units marked by marbles, cal-silicates, and quartzites.
We interpret this 1lithologic change as due to a transition from a locally
deep basin in which pelitic rocks were accumulating to a shallow-water
shelf sequence dominated by carbonates and quartz sands.
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relate structures and 1ithologies on
T either side of the Piseco Anticline.
/ In the northwest the sequence on the
m, beering | northern flank proceeds without struc-
/ kinzigites | tural discontinuity into the core of
the Little Moose Mt. Syncline. There
occurs on the southern flank a mirror
image of the northwestern Tithologic
sequence as units are traced towards
the core of the Canada Lake Nappe.
It follows that the Canada Lake Nappe
Eéi W and Little Moose Mt. Syncline are
55 Y . HE parts of the same fold (Fig. 9). The
Loy i amplitude of this fold exceeds 70 km,
adomeal et and it can be followed for at least
150 km along its axial trace. The
] _ ) ) major F, and F, folds of the area
Figure 8. Stratigraphic sections are exposed through dis-
for Little Moose Mt area  tances of similar magnitude, but
(central Adirondacks) and their amplitudes are less than those
Piseco Ant1c]1ne region of the F; isoclines. The structural
(southern Adirondacks). framework that emerges is
Central Adirondacks data one dominated by exceptionally large
from de Waard (1964a). folds.

Given the foregoing information,
% it has been possible to map and cor-

Supracrustal 8aguence

Accepting that the Little Moose Mt. Syncline and Canada Lake Nappe
are the same fold, and noting that the fold axis is not horizontal, it
follows that the axial trace of the fold must close in space. The axial
trace of the Canada Lake Nappe portion of the structure can be followed
from west of Gloversville to Saratoga Springs. Therefore, the axial trace
of the Little Moose Mt. Syncline also must traverse the Adirondacks to the
north. Mapping strongly suggests that the hinge line of this fold passes
through North Creek and south through Crane Mt. (Fig. 10). From here the
axial trace swings eastward along the north 1imb of the Glens Falls Syn-
cline and passes under Paleozoic cover in the vicinity of Lake George.
This model is depicted schematically in Figure 10 where the southern
Adirondacks are shown as underlain largely by the Canada Lake-Little Moose
Mt. Syncline. Later folding by F2 and F3 events has resulted in regional
doming of the F, axial surface, and erosion has provided a win-
dow through the core of this dome. Note the western extension of
the Piseco Anticline beneath the Paleozoic cover. This extension is con-
sistent with aeromagnetics of the area.

Currently attempts are underway to synthesize the structural framework
of the entire Adirondacks by extending the elements of the present model
to other areas. A preliminary version is shown in Figure 11 and suggests
that most Adirondack structure is explicable in terms of the four large
fold sets described here.
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Figure 9. Cross section along A-A' of Figure 2. Several
units have been omitted for sake of clarity.
(a) - Spruce Lake Anticline, (b) - Glens Falls
Syncline, (c) - Piseco Anticline, (d) - Glovers-
ville Syncline. Patterned rock unit symbols as
in Figure 3.

METAMORPHISM
Introduction

Metamorphism of rocks in the Adirondack highlands has been investi-
gated extensively for the past fifteen years (see e.g. Buddington, 1963,
1965, 1966; de Waard, 1964a, 1965a, 1965b, 1967, 1969, 1971; Whitney and
McLelland, 1973; McLelland and Whitney, 1977; Bohlen and Essene, 1977;

N\ it of Pracembrien

—— Lend epeculstive
===~ F miel trace

Figure 10. Generalized map showing known and
projected axial trace of Canada
Lake-Little Moose Mt. Syncline.
Heavy dashed 1line marks Proterozoic-
Paleozoic boundary as shown in
Figures 1 and 2.
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Figure 11. Hypothetical structural framework for Adirondacks. AMA-Arab
Mt. Anticline.

Essene and others, 1977; Boone, 1978; Boone and others, in prep.; Valley
and Essene, 1976; Jaffe and others, 1977; Stoddard, 1976). Engel and

Engel (1962) made an early and fundamental contribution when they delineated
in part the orthopyroxene isograd in the northwestern Adirondacks (see

Fig. 12). Orthopyroxene is the diagnostic mineral of high-grade metamor-
phism and its regional stable occurrence with plagioclase and garnet de-
monstrates that metamorphic conditions of the granulite facies were attained
to the east of the orthopyroxene isograd.

de Waard (1971) proposed a three-fold subdivision of the granulite
facies in the Adirondack highlands (Fig. 12). The three zones, in order
of progressive metamorphism, are the (1) biotite-cordierite-almandite
subfacies, (2) hornblende-orthopyroxene-plagioclase subfacies, and (3)
hornblende-c1inopyroxene-almandite subfacies. de Waard (1971) believed
the subfacies represent three stages of increasing granulite-facies meta-
morphism constituting an Adirondack Type of metamorphic series. All stops
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Figure 12.

Qutline map (modified after de Waard, 1971) of Precambrian ter-
rane of Adirondack Mountains and Northwest Lowlands showing

de Waard's proposed subdivision of granulite facies of Adiron-
dack highlands: (1) biotite-cordierite-almandite subfacies,

(2) hornblende-orthopyroxene-plagioclase subfacies, and (3)
hornblende-clinopyroxene-almandite subfacies. Three isograds
are shown; parts of isograds were mapped by de Waard (1971),
Engel and Engel (1962), and Buddington (1963). Solid contact
is trace of Precambrian-Paleozoic boundary; hatchured contacts
delineate boundaries of relatively larger anorthosite complexes.
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Petrogenetic grid (modified after de Waard, 1969, p. 129) com-
posed of stability boundaries for solid-solid reactions in-
volving anhydrous phases only. Curved line is geothermal gra-
dient representing P]oad-T conditions of metamorphism favored
by de Waard. Grid is based upon following experimentally
derived curves: reaction orthopyroxene + plagioclase =
clinopyroxene + almandite + quartz after Ringwood and Green
(1966); triple point of aluminum silicates after Gilbert, Bell,
and Richardson (1968) and Holdaway (1968); kyanite-sillimanite
boundary after Richardson, Bell, and Gilbert (1968); cordierite
and almandite stability fields after Hirschberg and Winkler
(1968); and solvus temperature maximum of alkali feldspars

after Orville (1963).
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on this field trip are located in zone (3), to the east of the garnet-
clinopyroxene isograd. This isograd, far from sharply defined, is based
upon the first recognition, in the field, of garnet in quartzo-feldspathic
(charnockitic) rocks (de Waard, 1971). Thus, all rocks in the field-trip
area have been subjected to P-T conditions appropriate for the hornblende-
clinopyroxene-almandite subfacies of the granulite facies.

In addition, the area of the biotite-cordierite-almandite subfacies
has greater areal extent than exhibited in Figure 12 (P.R. Whitney, 1977,
pers. comm.). Cordierite and garnet-bearing pelitic gneisses have been
reported by Stoddard (1976) to occur north-northeast of zone (1). It can
be inferred from these locations that zone (1) now extends north-northeast,
~parallel to the orthopyroxene isograd, almost to the Precambrian-Paleo-
zoic boundary.

Only rock types that have yielded information about P-T conditions of
metamorphism are discussed in the following section. Mineral-name abbre-
viations used are: al - almandite; and]l - andalusite: an - anorthite; bi -
biotite; ca - calcite; co - cordierite; cp - clinopyroxene; Kf - K-rich
alkali feldspar, chiefly microcline, usually perthitic; ky - kyanite; ma -
magnetite; op - orthopyroxene; pf - plagioclase feldspar; qu - quartz; sc -
scapolite; si - sillimanite.

Charnockitic and Granitic Gneiss

Hornblende-clinopyroxene-almandite subfacies: de Waard proposed
(1964a) that with increasing metamorphic conditions the typomorphic ortho-
pyroxene-plagioclase association of the granulite facies becomes imcom-
patible and is replaced by the higher density almandite-clinopyroxene asso-
ciation. This replacement marks the start of the hornblende-clinopyroxene-
almandite subfacies, and de Waard proposed (1964a) the following reaction
to account for the garnet-clinopyroxene formation:

6 orthopyroxene + 2 anorthite =clinopyroxene +
2 almandite + 2 quartz (1)

Reaction (1) has a positive P-T slope (see petrogenetic grid, Fig. 13). de
Waard (1967) considered two manners in which reaction (1) proceeded to the
right. In one instance, the reaction progression may indicate a gradual
increase in both T and P]oad during progressive regional metamorphism in
which the central and eastern Adirondacks were subjected to horn-
blende-clinopyroxene-almandite-subfacies conditions. In the second in-
stance, the reaction may have been produced by a decrease in T with little
change in P]oad during retrogressive metamorphism. However, de Waard (1967)
favored the first instance of increasing P]oad and T for the following
reasons: (1) the clinopyroxene-garnet-quartz assemblage has a higher
density than the orthopyroxene-anorthite assemblage and represents a reduc-
tion in molar volume of ~14 percent, thus favoring higher P, - ., and (2)
cordierite, considered indicative of relatively Tower P]oad (or higher
T), is present in pelitic gneisses in the northwestern portion of the
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h;?hlands, but absent in gneisses of comparable composition to the SE (Fig.
12}
Martignole and Schrijver (1971) contended that reaction (1) proceeds
to the right as a consequence of de Waard's second instance: decrease in
T with Tittle change in P10ad' They believe the formation of garnet and
clinopyroxene does not represent a reaction due to progressive re-
gional metamorphism, but, rather, represents a retrograde metamorphic reac-
tion during slow cooling at relatively constant P] d: They base their in-
terpretation on field and petrographic 0ad sbservations asso-
ciated with their work in the Morin anorthosite complex of southern Quebec,
located ~120 km north of the Adirondack highlands portion of the Grenville
Province. In their field area, the garnet-quartz-clinopyroxene assemblage
is restricted virtually to norites, ferrogabbros, jotunites, and mangerites
that surround the anorthosite mass. Martignole and Schrijver believe this
areal restruction suggests the garnet-forming reaction is genetically Tlinked
to the anorthosite complex. In addition to de Waard's reaction (1), they
propose reaction

orthopyroxene + plagioclase <« Ca-Fe-Mg garnet + quartz (2)
and imply (1971, p. 700) that reaction
orthopyroxene + plagioclase + Fe oxide &= garnet +
quartz + clinopyroxene (3)

involving reduction of Fe3+ from left to right, also was active in the
formation of garnet-quartz symplectites.

Rare occurrences of cordierite (Martignole and Schrijver, 1971, p. 701)
are present at the immediate contact between the anorthosite complex and
supracrustal rocks. Martignole and Schrijver believe this rare occurrence
of cordierite precludes using an increase of P]oad'T near the complex to
explain garnet formation as de Waard does for the Adirondack high-
lands. Their alternative explanation for the association of garnet-quartz
symplectites and the anorthosite complex is that the anorthosite completed
solidification under high load pressure and retarded regional cooling.

This retarded regional cooling permitted reactions (1), (2), and (3) to
proceed slowly to the right as retrograde reactions in the "dry" environ-
ment of granulite-facies metamorphism. Thus, Martignole and Schrijver con-
tend the highest grade of metamorphism in the Adirondack highlands is pre-
served as the hornblende-orthopyroxene-plagioclase subfacies, zone 2 in
Figure 12. Zone 3 (Fig. 12) is considered by them representative of retro-
grade metamorphism associated with close spatial relationship to anortho-
site complexes.

McLelland and Whitney (1976, 1977) studied the origin of garnet in the
anorthosite-charnockite suite of rocks in the Adirondacks. Their analysis
of textural and chemical relationships suggests that the onset of the horn-
blende-clinopyroxene-almandite subfacies of de Waard (1964a) is marked by
the following reaction:
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2 CaA125i208 + (6-0)(Fe, Mg)SiO3 + oFe-oxide +
(a-2)51'02 = Ca(Fe,Mg)5A14516024 + Ca(Fe,Mg)51206 (4)

where o is a function of the distribution of Fe and Mg between the several
coexisting ferromagnesian phases. Reaction (4) is a general garnet-forming
reaction for saturated rocks. It differs from de Waard's reaction (1) in
that (a) quartz is a reactant instead of a product and (b) Fe-oxide is a
reactant, as it is for reaction (3) of Martignole and Schrijver. McLelland
and Whitney (1977) consider reaction (1) to be a special situation of reac-
tion (4) where there exists, in charnockitic gneiss, a relatively high Mg/
(Mg + Fe) ratio. An interesting feature of their study is that most garnet-
quartz symplectites are actually garnet-plagioclase symplectites on the
basis of microprobe analysis.

P-T Conditions of Metamorphism: de Waard (1969) and Bohlen and Essene
(1977) estimated P-T conditions of metamorphism for the Adirondack high-
lands.

Figure 13 is the petrogenetic grid used by de Waard (1969) in arriving
1 d-T conditions of ~ 7.8 kb and 770°C at the garnet-clinopyroxene
isograd (see Figure 12). de Waard estimated maximum Pload™T con-
ditions to be perhaps ~ 8.3 kb and 800°C to the east of the a8 garnet-
clinopyroxene isograd (see de Waard, 1969, for a fuller discussion).

at P

Bohlen and Essene (1977) report that pressure estimates increase from
6 kb at Balmat (northwest Adirondacks, in zone 2 of Fig. 12) to 8 kb in
the central Adirondack highlands. Temperature estimates are almost 800°C
in the central highlands as determined by plagioclase-orthoclase and
ilmenite-magnetite thermometers (see Bohlen and Essene, 1977, for a fuller
discussion).

McLelland and Whitney (1977) have estimated equilibrium temperatures
for one charnockite from the Adirondack highlands assuming a P.I d of 7.5
kb. The temperatures range from 610°C by the method of Wood '°%¢ (1974)
to 792°C by the method of Wood and Banno (1973). The temperature methods
are based on the distribution of Mg and Fe between clinopyroxene, ortho-
pyroxene, and garnet as functions of temperature and pressure.

Metagabbro and Metadiabase

Origin of corona structures: Whitney and McLelland (1973) studied the
origin of corona structures in metagabbros of the Adirondack Mountains. In
the southern Adirondacks, Area I, two types of coronas are observed: (1)
olivine-pyroxene-spinel coronas and (2) oxide-hornblende coronas. In the
central and eastern Adirondacks, Area II, two types are also observed: (1)
olivine-pyroxene-garnet coronas and (2) oxide-amphibole-garnet coronas.

I
Whitney and McLelland (1973) propose three partial reactions took
place in the formation of olivine-cored coronas in Arca I:

++
olivine = orthopyroxene + (Mg,Fe) (a)
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4
plagioclase + (Mg,Fe)++ + Ca  =clinopyroxene +
spinel + Na© (b)
. ++ + i
plagioclase + (Mg,Fe) + Na ==spinel + more
sodic plagioclase + cat (c)
Reaction (a) occurs in the inner shell of the corona structure adja-
cent to olivine. Reaction (b) occurs in the outer shell and reaction (c)
occurs in the surrounding plagioclase, giving rise to spinel clouding in
plagioclase. Summed together these partial reactions are equivalent to:
olivine + anorthite = aluminous orthopyroxene +

aluminous clinopyroxene + spinel (5)

Garnet develops in olivine-cored coronas of Area II by the following
partial reactions proposed by Whitney and McLelland (1973):

orthopyroxene + o clinopyroxene + (Mg,Fe)++ (d)
clinopyroxene + spinel + plagioclase + (Mg,Fe)++;=
garnet + Ca'™ + Na' (e)
: ++ + .
plagioclase + (Mg,Fe)  + Na = spinel + more
sodic plagioclase + ca’t (f)
These partial reactions [(d)-(f)J involve the products of reactions
(a)-(c) and (5). Balanced, and generalized to account for aluminous pyro-
xenes and variable An content of plagioclase, partial reactions (d)-(f)
are equivalent to:
orthopyroxene + anorthite + spinel== garnet (6)

Whitney and McLelland (1973) propose the following net reaction to
account for oxide-cored coronas:

olivine + anorthite + albite + ilmenite + diopside +

H,0 == hornblende + hypersthene + spinel (7)

The garnet shell observed in oxide-amphibole coronas of Area II is be-
lieved (Whitney and McLelland, 1973, p. 93) to have formed by a complex
reaction consuming hornblende, spinel, and plagioclase, yielding garnet,
g]inopyroxene (as inclusions in garnet), and a bright red, titaniferous

iotite.

‘P-T Conditions of Corona-Structure Formation: Whitney and McLelland
(1973) also have investigated the P-T conditions of corona-structure for-
mation. Reactions (5) and (6) have been studied experimentally by Kushiro
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and Yoder (1966) and Green and Ringwood (1967), respectively. Figure 14
is modified after Whitney and McLelland (1973, fig. 5, p. 95). They cite
several reasons for exercising caution in applying experimental results to
natural systems. With those reservations, Whitney and McLelland are able
to give a general estimate of P d and T of corona formation. Broken
lines A and B in Figure 14 illustrate two possible metamorphic
histories for corona-structure formation. For garnet-bearing rocks, both
paths must pass through the pyroxene spinel field prior to entering the
garnet field. Path A is the prograde-metamorphic path in which gabbro and
diabase intruded at shallow depths prior to maximum P-T conditions of meta-
morphism. Path B is the retrograde metamorphic path in which gabbro in-
truded at depth and cooled at constant, or increasing, pressure. A path
similar to path A is favored for metagabbro of Area 1 (but at lower pressure
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Figure 14. Stability fields of corona-structure mineral assemblages (mod-
ified after Whitney and McLelland, 1973, p. 95, fig. 5). Re-
action boundaries (sclid) are from Kushiro and Yoder (1966);
dashed reaction boundaries are extrapolations of their work.
A - path for prograde origin of garnet-bearing, olivine-cored
coronas. B - path for retrograde origin of garnet-bearing,
olivine-cored coronas.
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because no garnet formed) whereas path B is favored for metagabbro of Area
IT, which is in close spatial association with the Marcy anorthosite com-
plex. Regardless of the path followed, minimum pressure of ~8 kb and min-
imum temperature of ~ 800°C were necessary for formation of garnet-bearing
coronas (see Whitney and McLelland, 1973, for a complete discussion).

Kyanite - Sillimanite-bearing Aluminous Gneiss

Description: Boone (1978) and Boone and others (in prep.) have de-
termined mineral compositions in sillimanite-rich, quartz-feldspar gneiss
at Ledge Mountain. The gneiss is situated in the core of a south-facing,
recumbent antiform, and is structurally - if not also stratigraphically -
the Towest unit exposed in the central Adirondack highlands (Geraghty,
1978). The gneiss consists predominantly of microcline perthite, plagio-
clase, quartz, sillimanite, biotite, magnetite, garnet, and minor hercy-
nite. Lenses and alternating layers of sillimanite, magnetite, and quartz
with minor garnet and hercynite, make up the remaining 20 to 30 percent of
the gneiss in the central part of the mountain. Abundance of these lenses
and layers decreases westward toward Route NY 28-30. Only two small patches
of kyanite have been found; these occur as relatively coarse-grained, blue
crystal aggregates in the feldspathic portions of the gneiss. Pegmatite
lenses and discordant bodies abound.

P-T Conditions of Metamorphism: The following relationships are of
interest: (1) kyanite-sillimanite; (b) biotite-magnetite-feldspar; (c)
Fe/Mg distribution between biotite and garnet; and (d) Ca-contents of gar-
net and plagioclase. Almandine-hercynite-magnetite-quartz relationships
are puzzling, and may not conform to other reaction relationships in the
gneiss perhaps owing to low reaction rate. The preponderance of silliman-
ite effectively argues against the notion that the gneiss equilibrated on
the kyanite-sillimanite univariant boundary (or divariant field in Al-Fe).
Insofar as kyanite is present, however, the following enquiry was made:
Taking into account the Fe3*, F~ and C1~ contents of biotite, the reaction

VI

Biotite (0.4 Fe2+) + Quartz = K-rich feldspar + Sillimanite + Magnetite

+ H)0 + H, + F + C1, (8)

was examined with reference to the redox equation of Czamanske and Wones
(1973) across the temperature range of 650° - 800°C using a range of f0
compatible with the coexisting impure phases magnetite and hercynite 2
(Turnock and Eugster, 1962). Values of calculated Pg H,0 range from

120 bars at approximately 700°C to 600 bars at 770°C. These
and volumetric data for the reaction abbreviated in equation (8) were
applied to Greenwood's (1961) modification of Thompson's (1955) equation
for the projected slope on P_ and T coordinates of a dehydration reaction
boundary under steady-state ~ outward diffusion conditions of Hy0 with
effective Hp0 "pressure" less than total pressure. The resulting steep
biotite dehydration boundaries are shown in Figure 15; inasmuch as they
are nearly parallel to the pressure axis, the values of 695°C and 790°C
may be taken as minimum and maximum for the temperature of granulite facies
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Figure 15.
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Petrogenic grid for Ledge Mountain aluminous gneiss showing bio-
tite-K-rich feldspar-magnetite redox equilibria at PEHZO = 120
bars (left) and 600 bars (right) unlabelled
boundaries. bg: biotite-garnet-A1,Si05-Kf Fe/Mg equilibrium
at PcHy0 = 500 bars. pl-gt: Plagioclase-garnet
equilibria. gr: muscovite granite solidus at 0.6 wgt.
percent Ho0 (PEH20='~200 bars) from Huang and Wyllie (1973).
A1,Si05 phase boundaries after Holdaway (1971). In-
tersection of boundaries gr and pl-gt are interpreted
as representing upper P.-T Timits for granulite facies metamor-
phism and anatexis of Ledge Mountain gneiss. Cf. text and
road log (stop 2) for additional explanation.
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metamorphism. Fe/Mg ratios for garnet, and biotite external to garnet por-
phyroblasts, when applied to Schmid and Wood's (1976) equation 11, give
results shown by curve b-g (Fig. 15) for which PeH20 = 500 bars. The lack
of agreement between curves b-g and P-y,0 = 600 bars for equation
(8) (they should be closer) probably is largely due to the lack of
direct thermochemical data for the Mg end-member reaction: phlogopite +
Sillimanite + quartz == pyrope + Kfeldspar + Hp0.

Limiting values for total pressure were sought via the anhydrous min-
eral reaction relation involving plagioclase and garnet:

3 anorthite== Grossular + 2 A1,810g + Quartz. (9)

Based on the estimation of mixing parameters for pairs of garnet end-members
(Henson, Schmid, and Wood, 1975; Ganguly and Kennedy, 1974), grossular
activity coefficients, ( Gt) , across the above temperature range were
taken between 1.23 and ‘YGr 1.37. Values of y for anorthite in pla-
gioclase were taken from Orville (1972). These and data for X P1 and
xGGt were applied to the van't Hoff equation An

r

(Xgey)>(0.99)

(hi ™ )

-10,300 + 31.83T -1.2746(P-1) = -RTin (10)

to obtain the reaction boundaries collectively labelled P1-Gt summarized
in Figure 15. It can be seen that within the temperature range of inter-
est shown in Figure 15 that the plagioclase-garnet equilibria Tie within
the sillimanite field of stability. (One which does not is discussed in
the trip log under Stop 2.) These intersect the biotite oxidation equi-
1ibrium boundaries at approximately 7.3 and 9 kb. Owing to the set of
assumptions which lTead to the calculation of the biotite equilibrium
boundary PEHZO = 600 bars, the temperatures along this curve are thought
to be too high, and therefore the value of P_ = 9 kb, also too high.
Some confirmation of this view is that, with reference to the curve
for the beginning of melting of aluminous granite (Huang and Wyllie, 1973),
labelled gr on Figure 15, it is unlikely that temperatures much above 750°C
were maintained during the metamorphism because much of the feldspathic
portions of the Ledge Mountain gneiss is of granitic composition, and
therefore ought to have been removed largely as anatectic granitic magma.
This aspect of the problem presently is under field and analytical inves-
tigation by Ellen Metzger of Syracuse. For these reasons, the upper limit
of load pressure is taken at approximately 8.2 kb (Table 1). Paths of P-T
change are discussed under the heading of Stop 2.

Plagioclase-Scapolite Phase Relations

Phase relations in the systems plagioclase-calcite-halite-scapolite,
high albite-halite-marialite, anorthite-calcite-meionite, and anorthite-
anhydrite-sulfate meionite have been studied experimentally (Orville, 1975;
Newton and Goldsmith, 1975, 1976; Goldsmith, 19763 Goldsmith and Newton,
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Table 1. Summary of inferred and calculated P-T conditions of meta-
morphism for Adirondack highlands.

P

1 load Source
Charnogkitic.and >770°C<800°C >7.8<8.3 kb de Waard (1969)
granitic gneiss 5700°C<750°C ~8.0 kb Bohlen and Essene
(1977)
Metagabbro ~800°C ~8.0 kb Whitney and

McLelland (1973)

Kyanite and
sillimanite-bearing 695°-770°C >7.4<8.2 kb Boone (1978)
granulite

Marble 650°-756°C Geraghty (1978)

1977). Newton and Goldsmith (1976), in all instances, and Orville (1975),
in most instances, observed that scapolite is stable in preference to pla-
gioclase, calcite, and halite at high temperatures and pressures. This is
in marked contrast to earlier discussions that gave the impression that
scapolite is a metamorphic mineral resulting from retrogressive processes
(see, e.g., Fyfe and Turner, 1958).

The assemblages plagioclase-calcite-scapolite and plagioclase-
scapolite are observed in several thin sections of calc-silicate rock and
marble from the mapped area (see Fig. 16). Compositions have been determined
by microprobe. In addition, plagioclase compostions were determined opti-
cally, using the zone method of Rittman. The compositions of coexisting
scapolite and plagioclase are presented graphically in Figure 17.

On the basis of analyzed compositions, it is believed the idealized
reaction

Albite + anorthite + calcite + halite = scapolite (11)
took place in samples 116, 130, 215, and 289.

Direct textural evidence that reaction (11) took place is expressed
in a thin section of sample 116 by the spatial association of reactants
(except for halite) and product of (11). It is inferred that halite was
present originally in small amount based on relatively low content of Cl
in scapolite of sample 116. Textural evidence for reaction (11) is not
as pronounced in other thin sections. Usually, reactants (except for
halite) and product coexist in close spatial association without the de-
velopment of reaction rims or corona structure. Calcite is absent in many
samples, indicating that it could have been consumed in reaction (11).

Microprobe analyses were not made for all mineral phases in thin sec-
tions containing assemblages plagioclase-calcite-scapolite or plagioclase-
scapolite. Thus, it is not possible to analyze in detail whether chemical
equilibrium was attained in these rocks. However, it is possible to
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pf) and in calcite-dolomite geothermometry (2 ). Map is SE 4
of Blue Mountain 15' quadrangle; contacts between major rock
units are shown for reference.
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Figure 17. Composition tetrahedron albite-anorthite-halite-calcite, Sca-
polite composition plane 3 (albite + anorthite) : 1 (halite +
calcite) is shown with solid line representing scapolite solid
solution suggested by Evans and others (1969); dashed line re-
presents previous stoichiometry. Plagioclase and scapolite
compositions for analyzed samples are plotted.

sample # Me % An %
116 71.6 30.9
130 45.4 29.7
176 69.0 21.0
215 60.0 35.0
189 60.0 36.7

investigate if the pairs plagioclase-scapolite were in equilibrium during
metamorphism. This is attempted by examining the distribution of Na, Ca,
and Al among coexisting plagioclase and scapolite from samples 116, 130,
215, and 289 (see Fig. 18). Unfortunately, only four distribution points
are plotted and the clustering of points does not allow a distribution
curve to be drawn. Equilibrium is suggested if the distribution curve is

a straight Tine or smooth curve as defined by the distribution points.
However, excluding data from sample 116 and using data from 130, 215, and
289, a straight 1ine passing through or near these three samples and
through the origin could be constructed for all three distribution diagrams.
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Figure 18. Distribution of calcium, sodium, and aluminum between plagio-
clase and scapolite.

This meager evidence argues for equilibrium between plagioclase and scapo-
lite in these samples. The data points for sample 116, a marble, lie off
the hypothetical distribution curves for data from samples 130, 215, and
289, calc-silicate rocks. The difference between sample 116 and samples
130, 215, and 289 also is expressed in Figure 17. Crossing tie lines are
exhibited between two groups of samples: (1) samples 130, 215, and 289
form one group that exhibit nearly parallel tie 1ines between coexisting
scapolite and plagioclase, (2) samples 116 and 176 exhibit tie 1ines be-
tween coexisting scapolite and plagioclase that cross tie lines of group
(1). Group (2) samples contain calcite (see Fig. 17) and the scapolites
ex