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S~veden ,was  read,  . by. Prof. I). S. Jlart i i l ,  eiltitle:l 

OUTLI,& OF THE GEOLOGIT OF THE I\TOIUHCAST-
ERK I17EST IXDIX ISLXKDS. 

(Abstract.) 
Prof. Cleve's paper containetl a resum& of his obser-

vations nlade during 186S-g,ill and around the Virgin 
Islands, and publisIied in the Swedish lal1gllage in the 
T),n?js. R,,&mrl..yci, of StoCli]lO]lll, ill 1871. H e  re-

the  ~vhole  group a s  of Cretaceous Tertiary 
age, with the exception of Allegada, wl1ich, lilte the 
Bahamas, is post-pliocene. 

T h e  strike of the roclts, and the trend of the entire 
group, are approsirnately east ant1 \vest. T h e  rocks are 
uarious, largely eruptive ant1 n~etamorphic. Of these, 
Prof. Cleve discussed somewhat fully tlle character ant1 
distribution of the iol1!n7ing 1;inds :-I, Diorite; 2,  Fel-
site ; 3, " Blue-beach (a peculiar volcanic breccia, 
locally so-called); 4, Diabase. 

All these ~-ocks have great thickness, ant1 indicate long- 
continued volcanic act~vity. As  in modern lavas, they 
present two types, basic ant1 acidic. 

Metamorpl~ic slates are nest clescril~ed; ant1 the11 a 
partly metamorpliic limestone, occasionally wit11 recog- 
nizable fossils, sufficient to fix the age as  certainly Cre- 
taceous. 

Santa Cruz Islaiitl is then tlescribed, and referred to the 
same series as the Virgin group. All these islantls thus 
indicate, by their east and \vest strike, ant1 the great up- 
turning of their rocks, that they were formed 11)- a nol-tli 
and sout11 pressure, forcing tile Cletaccous ant1 asso-
ciated volcanic beds into a great line of anticlinal and 
synclinal folds. This period seems to have been ahout 
that  of the wlhite cliall<; hut the force continuetl to act  
during the succeetling Eocene time, thou,ah w ~ t h  tlimin- 
ishing intensity, as  is shown by the less ~nclination of the 
Eocene beds. T h e  bliocene strata are little tlisturberl, 
and the force would therefore seem to have spent itself 
by that  period. 

Prof. Cleve then refers briefly to  the occurrence of 
similar ruetaniorpllic ant1 volcanic roclcs in the interior of 
the Great Antilles, ant1 regards tlie entire serles as  hav- 
ing been formed by the sailie general movement of 
Cretaceous foltling, the Virgin Islands forming the east- 
ern extension of the line of elevation. 

Tile Eocene strata are then ial;en up and discussed, a s  

have not been very clearly marked off from each other or 
from the i\.iiocene. But to the Post-pliocene period are 
referred the I3ahamas, Anegatia, and the remarkable 
series of volcanic outbreaks that characterize the islands 
of Saba, St. Eustatius, St. Icitts, Nevis, Monserrat, 
Guatlaloupe, &c. On St. Icitts, Prof. Cleve describes a 
limestone n,ith over forty species of fossil shells, all but 
011, of \\rl1ich are identified living :pecies of the 
Caribbean sex. T h e  same is true of Anepada. 

T h e  elevation of the Miocene strata" of the Great 
Antilles took place apparently by a "continental" up-
lift, whereby l u g e  areas of marine deposit were raised 
without folding or disturbance. Professor Cleve suggests 
that  t i i s  movement may have beer? accompaniecl by a 
sinking of ]]art of the sea-bottom in the Caribbean region 
to the south-east, and that  on the limit between the 
areas of rise and of tiepressiou, fissures and faults liiay 
have occurred, through which these volcanic outbreaks 
of the Leewarti is\antls found exit, in the Post-pliocene 
time. 

DISCUSSION. 
MY. '4.z l .  J ~ ~ l i e nconfirmed the accuracy of these 

petrographical d~stinctions of the roclts of the Lesser 
Antilles, from tlie results of observation during a resi- 
tleilce of four years on Sombrero and vicinity. The  
islantl of St. Eustatia consists inainly of uolcanic ashes in a 
thick tabular and horizontal stratum with vertical faces 
along its coast. Ttiis is flanked on the south end by a 
volcanic cone with extinct crater, of which the bottom is 
occupieti 11y a p lanta~n plantation, but the sides are bare, 
and consist of a tlarlt l~asalt ic rock;  and on the north 
encl by two lower cones, not visited but probably vol- 
canic. On the isla.nd of S a l ~ a  the rock is light colored, 
rich in crystals ot sanidine, and apparently a trachyte, 
constituting a remarltably sharp volcanic cone, with its 
sides deeply furiowetl irom top to bottoni by eioded 

I ravines ; certain tiepressions upon the  summit, reseni- 
bling craters, present in some localities sulpliur deposits 
irhic11h;~ve been found of commercial importance, 

However, the conclusion of Prof. Cleve, as  to the 
recent age and eruptive character of most of the crystal- 
11ne roclts ot this regloll, appeared surl~rising in view of 
their metan?or~~hicassociates, and of their si~nilarity to 
thosr of the Arch~ean  areas identified by I-Iartt in Erazil. 
I t  was a cluestion n.11ether a nucleus ot Archzean, or, a t  
latest, metamorphic pre-Silurian roclts, in general highly 

! tiltetl, tloes not forrn tlie axis of such islands as  St. Mar- ! tin, St. Earts, etc. 
I P ~ o f .D. S.: l . ( n~?z ' i c  cjuestioned whether a correspond- 
! 	 ing niove~neut of tlisturbance should not be also found 

in the Cretaceous stl-atn of a region no farther removed 
than that of the vicinity of our own Gulf coast. 

1 Dr.1: remarlted that the importance of S.L7ke.idbe~,~j/ 
) 	 the subject of the age ant1 origin of these crystalline 

they occur in tlie islands of St. hlartin anti St ,  f:al.tl~ol- ; roclts still demautled their re-examination and areview of 
omew, just east ot the Virgin groul!. Professor C!tve : Prof. Cleve's conclusions 11). some worlzer of experience 
regat-ds these islands as  wholly oi Eocene age, clain~ing i in this peculiar field. One of' the most interesting topo- 
that  the eruptive rocks of which they ~nainly  consist, are graphical features on this continent consisted in the line or 
zntevslmlified with the limestones, which contain fossils I axisof elrvatioilmarltetl bj' the\17indward Islands, separat- 
of the age of the Calcaire Grossler, of the Eocene of 1 ing tile cieep basin of the Gulf of hlexico on tlie one side 
Paris. H e  then traces the occurrence of Eocene strata I froin the abyss of the Atlantic Ocean on the other. It pre- 
in Antigua, Guatlaloupe, parts of Trinidad, and largely I sents a prolongation and connection of the m o u ~ ~ t a i n  
in Jamaica ; and re-afiirrns his conc!usion that  the move- chauis which run along the eastern border of the North 
ment ~vhich  raised the Great Antilles and the Virgin I and South American continents, in a course imperfectly 
islands continu?d during the early Tertiary, though w ~ t h  1 parallel to that on the \vestern border of these con-
lessening force. 

T h e  hliocene forniatio~i is tile11 considered. I t  forms 
the small island of Anguilla, ant1 cccurs on several of the 
islands, south to Trinidad ; but has iiiinie~lse develop- 
lnent In the Great Antilles. It 1s chitily a liinestorie 
series, is generally little aitered froill a hol-izontal posi- 
tion, and a t  tiiues may be seen resting uncomiormably on 
the  Eocene. By this time, evidently, the tlisturbing
movements had ceased to make themselves felt. 

T h e  later Tertiary rocks, Pliocelle and Post-pliocene, 

tinents, wit11 the gulf lying enclosed betbyeen these two ~ great ranges. This axis has been the scene of violent 
I I-olcanic actlon and has been supposed to marl\: the
I place of tliat lnythical area of sunlten land, styled 
I Atlantis by the ancients. T h e  tradition long current, 

recorded by Herodotus anil others, points to a densely 
populated lantl west of E u r o ~ e ,  covered with cities, and 
threatening the cil-ilization of the  Eastern hemisphere, 
wliich was  punislied by the gods by being sunk beneath 

' the sea. According to  the recent observations of an  
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English geologist, 3lr. Thomas Belt, this legend may 
have had some foundation in the former existence of a 
continent, now submerged beneath the Caribbean sea, 
through which the peaks represented by the LesserAntil- 
les, constituted a mountain chain. Local disturbances have 
certainly affected this area, but we fail to find any evi- 
dence of corresponding disturbance in the Cretaceous 
strata of our southern States. except perhaps in con-
tinental elevations and depressions. hlessrs. Guppy, 
Gabb, and others have studied the rocks of the region, 
but, UII to this time, no one trained to the examination 
of the difficult phenomena and problems under dis- 
cussion. 

NOV. 14, 1881. 

T h e  President, Dr.  J. S. Newberry, i n  t h e  chair. 
Twenty-four persons present. 

A paIler mas read by Dr. *lexis A. Julien on 
T H E  EXCAVATION O F  T H E  BED O F  T H E  KAATERS-

KILL, N. 5'. 

(ABSTRACT.) 

hi^ paper \vas supplementary to one read before the 
Academy two years ago, concerning the phenomena of 
erosion, glaciation, etc., in the Catskill hlountains, in the 
vicinity of the Kaaterskill Clove. 

~l~~~~~strain,-prof. J~~~~ has~ ~ 1 1indicated 
the existence of four lines of flexure, running froin N.E. 
to s.\IT., the synclinals occupying t h e  summits  of ranges,
and Prof. Arnold Guyot lccates one of these at  Slide 
hft. ~h~ dips at  the entrance of the clovevary from 8" 
to Io3 to the W. N.w.,becoming o n l y  3° four  miles to 
the westward, i,e,, more nearly horizontal toli7ards a 
shallow synclinal fold supposed to occupy Hunter h ~ t .  

one the most interesting discoveries of G~~~~was 
the linear series of three maxima of altitudes above 4000 
feet, Slide Mt., Hunter l f t .  and Black Dome. T h e  gen-  
tle flexure of the whole stratum reclulred to ?roduce this 
line of maxima may be thus shown the range running 
S.E. and N.iV. through Hunter AIt., 35 miles long. TO-

ward the S.E., the descent from the crest of Hunter RIt. 
(Alt., 4038 feet), to Overlook Mt. (3150 feet), is.888 feet, 
in 9:4 miles, equivalent to I in 56, or about I "  ; toward 
the  N. W., trom Hunter  Mt. to  Utsyanthe >It. (3203 feet) 
the descent is 835 feet in 25 miles, equivalent to I i n  I j8, 
or less than so. 

Another similar series of maxima, however, occurs fur- 
ther to  the westward, consisting of Graham hft. (3886 
feet), B ~ M ~ .~ ~ - ~ ~ ~ h pinnacle~ ~(3545 feet), and l ~ 
(3420 feet), distant respectively 9, Iz ,  and miles west-
ward of the former hi^ convergence
of the axes of these two folds may probably account tor 
the increased protcberance and greater elevations in the 
Southern Catskills. 

deteymi7zedaltiiudds.-~anynew deternlina-
tions have been made of points in the vicinity of the 
clove by means of an excellent aneroid, with constant 
reference to the numerous stations in the vicinity whcse 
altitudes have been accuratelv obtained bv Guvot. A 
few are here subjo~ned : 

. 
Feet. 

Hotel Kaaterskill, on South h l t . .  . . . . . . . . . . . . . . . . . . . . . . . . . .2466 
Parker Hill, summit. .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .2 j6 j  

Parker &It., " high ledge.". . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2374 

Clifton House. .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2101 


Newman's ledge, on North Ll t . .  . . . . . . . . . . . . . . . . . . . . . . . . . .  2486 

Gap between E. and W. peaks, North LIt . . . . . . . . . . . . . . . .  3116 

Toll-gate on Mt. House road..  . . . . . . . . . . . . . . . . . . . . . . . . . . .  760 


Glnciatzbn of szs~iznzits.--All the crests near the Clove 
have been now examined. On none above an  altitude of 
zgoo feet have glacial s t r i z  been found, in part because 
they consist of thinly laminated flags deeply disinte-
grated by frosts. T h e  highest s t r i z  discovered were 
found on Parker Mt., "High ledge" (2874 feet), run- 
ning S. 18" W. (magnetic), and under the roots of a large 
tree on the SE. slope of Round Top, a t  an elevation of , 

2871 feet, running S. 35" E. Ho\vever, in all cases, a 
maiked difference exists in the slope of different sides of 
a peak, the E .and S.E. sides presenting a prtcipitous face, 
and the  other sides more or less of a gentle slope. 

T h e  highest strire yet found in the Catskills occur on 
Overlook hlt., at  all elevation of a b ~ u t  3100 feet, imply- 
ing a depth of ice in the I-Iudson river glacier of about or 
a t  least 3300 feet. \ITithin the Kaatersk~ll  basin, several 
miles tlistant !rom the  Hudson valley, thee\-erflowing ice 
stream became shallower, having an  altitude of about 
3000 feet. I t  thus appears that the  surface of the glacier 
inclined westward over these mountains, with a slope of 
200 feet in 3 miles, I in 84, say about %". 

T h e  ccnc l~~s ions  con-of the  former paper have been 
firmed by recent ohservation, viz., that two glacier streams 
have swept over these mountains, the  Continental Glacier 
from the  N. W., submerqing and carvin: out the highest 
peaks, and the Hudson Valley Glacier from the N., later, 
inore shzllow. bear in^ along. vast ouantitirs of materials.-- - ~~ - . ~ ~  

derived from the crystalline and lower Silurian rocks of 
the Adirondacks and of the Helderberg LZts., and strew- 
ing the whole rrgion with their boulders; and that no 
local glaciers have existed in the Catskills after the retreat 

Tilthi? the CatskzPPzdtenu.-lnthe  previous Pa- 
per an exp!anation had been given of certain facts which 
st-emed to  indicate that the  whole formation had bren 
gently inclined to the Eas t  and then to the South-east, 
before assuming its present \IT.N. \IT.inclination, a t  a 
period far anterior to the Glacial epoch. A profile sec-
tion of theancient Kaaterskill valley, was exhibited, reach- 
ing from Haines' Falls nearly to the junction of the N.and 
S. branches of Schoharie creek, proving the gentleness of 
the slope, the absence of rock, and the exis~ence of a deep 
and narrow buried cafion, now filled up with moraine ma- 
terial and a capP1ng Peat. 

A comparison of the altitudes of ~ ra t t sv i l l e  ( 1 1 6 ~  fr.), 
a point on the ivestern axis, 12  miles distant from the 
Kaaterskill Clove, and of the lip of the stratum above 
Haines' Falls, (r8;7 ft.), a t  the head of the clove, shows 
that  a t h e  latter point  a line connect- 
ing these two pointst even to the extent of a single de- 
gree, would cause a descent of nearly 700 feet from 
Prattsville to Haines' Falls, 2'. e., toward the ~ a s t .  T h e  
excavat~on of the deep Kaaterskill and Plaaterkill Cloves 
could hardly have been rffected by the small streams now 
occupying their beds. I t  is more probable that the ~ c h o -  
harie creek formerly flowed, at  a higher level, to  the east 
into the Kaaterskill Clove, ant1 afterwards to the south- ~d
east into rhe Plaa:erkill Clove, before the latest tilting of 
the plateau to the W. N. W. caused a reversal of the flow 
of the stream, in the very opposite direction, through the 
greater Part of the same valley. An objection to this 
theory presented itself in the obstacle which has created 
a turn to  the S. W. in the North branch of Schoharie 
creek, near its junction with the South branch. But on 
recent examination this was found to consist not of rock 
but of a huge mass of coarse moraine material deposited 
duril!g the G!acial period On the southern slope of the 
bchch,jrie valley. 

Sczt&ture of tlie$latenzs.-In a terrane consisting of 
strata which dip at varyingand perhaps very high angles, 
the carving out of ranges and production of ravines and 
gaps may generally he assigned to the occurrence of 
flexures, of dykes o r  faults, or of beds whose mater~al  is 
unusually soft ,  fragile, or rich In minerals of easy decom- 
position. But the problem of topographical sculpture 1s 
less easily solved in a straturn 11ke tha t  of the  Catskills 
consisting of B reguiar succession of layers which are 
horizontally homogeneous and from which the phenomena 
of disruption are absent. T h e  original disintegration 
and erosion of the mass which resulted in the produc- 
tion of the ranges was  perhaus rna~nly influenced by the 
direction of the jointage. With this t he  trend of the 
ranges in the vicinity of the Kaaterskill Clove appears to 


