U.S. DEPARTMENT OF COMMERCE

John T. Connor, Secretary
ENVIRONMENTAL SCIENCE SERVICES ADMINISTRATION
Robert M. White, Administrator
COAST AND GEODETIC SURVEY
Tames C. Tison, Jr., Director

Marine Geology of the
Northeastern Gulf of Maine

R. J. MALLOY and R. N. HARBISON

TECHNICAL BULLETIN NO. 28
February 1966

UNITED STATES GOVERNMENT PRINTING OFFICE o WASHINGTON: 1966

For sale by the fuperintendent of Documents, U.8. Qavernment Printing OJice
Whsiington, DO, 20402 - Price $1.25



No.
No.
No.
No,
No.
No.
No.
No.
No.

No.
No.

No,
No.

No.
No.

No.

No.

Technical Bulletin Series

This series of Technical Bulletins was inaugurated to present primarily to the person-
nel of the Coastand Geodetic Survey and incidentally to others technical information related to
the Bureau's scientific and technical activities. Since many of the bulletins deal with new
practices and new techniques, the views expressed are those of the authors and do not nec-
essarily represent final Bureau policy.

Technical Bulletin No. 28 discusses the results of a combined hydrographic, seismic
reflection profiling, and magnetic survey made in 1962over an area of 2,200 square nautical
miles in the northeast portion of the Guif of Maine, Bathymetric, bedrock contour, total in-
tensity magnetic field, and isopachous maps are included.

13.
14.

15.
16.
17.
18,
19,

20.
21,

22,
23,

24,
25.

260.

27.

COAST AND GEODETIC SURVEY TECHNICAL BULLETINS

The Tsunami of March 9, 1957, as Recorded at Tide Stations. Garrett

G, Salsman, JUly 1959 iiiieieontoeeteraiaeriersneeerarerisneerieseseerereesasssennsesnne Price 15¢
. Pantograph Adjustment, G. C, Tewinkel, July 1939 .....ccevrerrernnrernrnrness Price 5¢

A Singular Geodetic Survey., Lansing G. Simmons, September 1960..... Price 15¢

Film Distortion Compensation for Photogrammetric Use. G. C.

Tewinkel, September 1960...u1cuientrerearessronrosssrrrsncnsicsrestonssnssssrssssssrass Price 10¢

Transformation of Rectangular Space Coordinates. Erwin Schmid,

December 1960 ... iiiiiiiiiiiiiienicirininiecesarrsrceonseresrsneretoronsssssasnsasanses Price 15¢

Lrosion and Sedimentation. Eastern Chesapeake Bay at the Choptank

River. G. F. Jordan, January 1961.......... erseirasiesesirerinrasareeniiaisanaeians Price 40¢

On the Time Interval Between Two Consecutive Earthquakes,

Tokuji Utsu, February 19602, i iiiiiiiiceiiieireeeerecreseeraracasensaecnsenss Price 10¢

Subrnarine Physiography of the U.S, Continental Margins, G. F,

Jordan, March 1962 ... ..cociiiiiiiiiiiiiiiiiiisiaieiisiiissssasionneisaes Price 20¢

Analytic Absolute Orientation in Photogrammetry. G. C. Tewinkel,

March 1962 . it iiiiieiiie e e i s e scnsasarasnesaanererreaeanannaas Price 20¢

The Earth as Viewed from a Satellite, Erwin Schmid, April 1962......... Price 20¢

Analytic Aerotriangulation. W. D. Harris, G. C, Tewinkel, and C. A.

Whitten, July 1962, corrected July 1963...... bemerebriretibeieen st areneas Price 30

Tidal Current Surveys by Photogrammetric Methods. Morton Keller,

@1 e o= o 5 N Price 20¢

Aerotriangulation Strip Adjustment. M, Keller and G. C. Tewinkel,

AUGUST 196411 ririiirieiinniniironisassiiesserassasrasosnssrssasararcassasassassenssasans Price 30¢

Satellite Triangulation in the Coast and Geodetic Survey, February 1965 Price 20¢
Aerotriangulation; Image Coordinate Refinement. M. Keller and G. C.

Tewinkel, MArch 1965 iiiiuivieeeioiirsncrenrenrasrieianecsncrerssssoronsonsesennsennins Price 15¢
Instrumented Telemetering Deep-Sea Buoys. H. W. Straub, J. M.

Arthaber, A, L. Copeland, and D. T, Theodore, June 1963....c.ccevevaenrensn Price 25¢
Survey of the Boundary Between Arizona and California, l.ansing G.

Simmons, AUBUST 1965, .1 iiiiieiiiiiiniiiniiiiianiiiniiieieiissaiasisiniesnensssissains Price 55¢

Coast and Geodetic Survey Technical Bulletins are available from the Superintendent of

Documents, Government Printing Office, Washington, D,C,, 20402,




Marine Geology of the
Northeastern Gulf of Maine

R. J. MALLOY and R. N
.S, Coast and

A COMBINED hydrographic, seismic reflection
profiling (sparker), and magnetic survey was con-
ducted during 1962 over the northeast portion of
the Gulf of Maine near the mouth of the Bay of
Fundy., The area covers 2,200 square nautical
miles and was traversed with over 4,000 naurical
miles of survey lines. Navigational control was
by Raydist.

Close control and dense trackline coverage
made possible the construction of a bathymetric
map, a bedrock morphology map, an isopachous
contour map of the unconsolidated sediments, and
a rotal field magnetic map. The bedrock map re-
vealed a morphological grain with a strongnorth-
casterly preferred orientation, vcontrolled by
geological structure, and not by glacial erosion
and deposition. Folds, cuesta ridges, faults, and
dikes contribute to thistrend and as a conscquence
this area is assigned to the Appalachian physio-
graphic province.

Large positive magnetic anomalics, apparently
dikes, corroborate the general northeasterly trend
of faulting, and the general magnetic grain cor-
roborates the northeast striking folded strucrture
interpretation of the country rock., OUne large
ring dike was also discovered which is weakly
reflected in the bedrock morphology.

The strong northeasterly ridge and trough
morphology survived the Pleistocene southeaster -
ly ice advance and may have beenenhanced by the
ice crossing normal tothe strike. Maine's
northeastern rectilinear shore, trending north-
east-southwest and the adjacent, parallel sub-
marine scarps are ascribed to faulting insupport
of Johnson’s Fundian fault interpretation rather
than 1o glacial erosion hypotheses,

Much of the bedrock relief is buried beneath
the recent sediment cover, appcaring as con-
tinuous ridges to the subbottom analyst, but as
discontinuous shoals to the hydrographer. Thus,
the sparker survey aided the hydrographer in
revealing trends in pottom development and al-

The help of the Commanding Ufticer and men of the Explorer
i5 pratefully acknowledged. Special thanks are expressed to
Mr. C, D, Kearse for his technical help 1n installing the
equipment and to Mr, F. P, Saulsbury, Mrs. P, A, Battley,
and Mr. G, F, Merrill for va  ble cartographic help and
suggestions. The writers are indebted to Dr, R. O, Stone
of the University of Southern California for his encourage-
ment and professional skill in bringing this Bulletin to com-
pletion.

HARBISON, Geophysicists
Geodctic Survey

lowed more accurate and continuous contours to be
drawn among the hydrographic sounding data.

The origin and physical geology of the Gulf of
Maine have long interested geologists. Much has
been coniributed to the literature concerning the
relationship of Georges and Browns Banks to the
mainland and the deeply submerged floor of the
gulf. RBefore the turn of the century, the guif had
attracted the artention of prominent geologists
and geographers, Controversices arose, many of
which have been settled largely by the availability
of new data. More soundings and the advent of
geismic refraction at seahave contributed heavily
to a better knowledge of the marine geology of
the Gulif of Maine,

The Gulf of Maine is bounded onthe west by the
States of Massachusetts and New Hampshire, on
the north by the State of Maine, on the northeast
by the Bay of Fundy, and on the east by Nova
Scotia. South and east of the area are the sub-
marine banks, Georges Bank and Browns Bank,
which all but embay the gulf. Figure 1 servesas
a location map.

FIELD WORK AND INSTRUMENTATION

This bulletin incorporates the magnetic and
seismic reflection data collected ar the time a
detailed hydrographic survey was conducted in
the Gulf of Maine during August and September
of 1962 into the presemt geological knowledge of
the floor of the Gulf of Maine. Emphasis is
placed on the area of the 1962 observations, but
its location is such that somce general comments
can be made concerning the origin of the gulf.

During the 1962 field work the U, 5, Coast and
Geodetic Survey ship Explorer completed 2,200
square nautical miles of hydrographic, seismic
reflection profiling, and magnetic surveys of a
portion of the Gulf of Maine. Primarily, this was
a hydrographic survey with a sounding line net-
work totaling over 4,000 nautical miles; however,
it was also one of the largest subbottom echo
profiling surveys ever completed. The sounding
linc pattern was dense (figs. 2 and 3) and the
position control was extremely accurate. Since
water depths controlled the development detail,
in shoal depths and near isolated sheal rocks the
sounding lines are more closcly spaced. The
working speed of the ship was 12 knots. Instru-





















8. The arca of the Gulf of Maine isfolded, w 1
the foid axes parallel to the northeast-southwest
trend characteristic of the Appalachian Province,
of which New [ingland and Acadia form the north-
castern section. The old rocks are folded more
tightly than the younger rocks, and northeast-
southwest lineaments are caused by folds, faults,
resistive strata, sills, and ice movement,

9., The Bay of Fundy has persisted since the
Cambrian ias a subsiding geosyncline, recently
rejuvenated.

10, Cuestas of Georges Bank are covered with
terminal moraine debris, but extensive glacial
bulldozing did not occur.

11. in general, the New England - Acadianshore-
line is little affected by glacial erosion though
profoundly affected by glacial deposition, in-
cluding terminal moraines, outwash plains, and
drumlins, with fluvioglacial delta plains, kames
and eskers.

12, The Outer Banks are made up of l.ate Mio-
cene or Pliocene sediments, with a northwest-
southeast shoal pattern due to stream erosion.

13. Marinc croded benches are nonexistent.

Shepard!s atrtacked one of Johnson’s bestdocu-
mented conclusions, namely, thatthe eastern por-
tion of the Maine coast was formed by faulting,
He also presented evidence!? that the coast was
formed by glaciation, which also formed the Bay
of Fundy, and insisted that there was no evidence
for a main fault in the northwest side of the Bay
of Fundy, but that a series of minor faults may
form a faulr zone. Shepardi® later expanded his
glaciation theories to include the genesis of the
Gulf of Maine by glaciation and alsoassigned the
origin of Georges and Browns Banks to glaciation.
He observed that the north slope of Georges Bank
has a complex origin, involving initiation by sub-
aerial erosion, modification and enlargement by
glacial erosion, and aggradation by glacial outwash
at the ice contact. In his Georges Bank paper,
Shepard postulated the following scquence of
events: Uplift was followed by stream crosion in
the gulf in seaward dipping strata followed by
submergence. Glaciation scooped out the gulf
while the rising of glaciers continued until they
spilled over the top of Georges Bank and built up
the surface into a morainal ridge which was at
times above present sea level, The outer conti-
nental shelf was than aggraded by stream sedi-
ments from melting ice. Glaciers eventually
retreated and sca level rose, reshaping the mo-
rainic ridge, including Sable Island, which, as
Shepard points out, has been isolated from the

1_65hcpard, ¥, P,, Fundian faults or ¥Fundian yglaciers.
Geclogival Scuivty of America Bulletin, v. 41, p. 859, 1930,

17shepard, F, I’,, Glacial troughs of the continental shelves,
Joumalof Geolugy, v, 39, no. 4, p. 345, 193},

I&Shepard, F. P, (1934), sce note 4,

mainland for a short time only, since it is made
entirely of sand and has the same flora as the
mainland.

Murray . published a report with 231 cross
sections in the western part of the Gulf of Maine.
The cross section coniained subbottom data as
revealed by the first recording fathometer used
by the Coast Survey, the British Veselkari, Chad-
wick interpreted the data presented by Murray as
suggesting that the “bottom ice-flow in the gulf
formed a great eddy crowding around from the Bay
of Fundy on the northeast against Boston (Stell-
wagen Bank) and Cape Cod, finally toescape at the
southeast by ‘Northeast Trough’ east of Ceorges
Bank ...."» Subsequent to Chadwick’s paper,
little has been published concerning the geology
of the floor of the gulf.

On the basis of geomorphic evidence, Koons 2!
concluded that the Bay of Fundy was largely
structural in origin, pointing out the faults which
bound the Triassic Lowland of the Bay of Fundy
and generally supporting Johnson's hypotheses.
This rcjuvenated the controversies regarding the
origin of the Bay of Fundy, with Shepard?®? sup-
porting the glacial hypothesis and Koons {urther
entrenching in the fault theory.2* Webb2 sug-
gested that many of the major faults flanking the
Bay of Fundy in Southern New Brunswick arc
typically strike-slip types with left lateral move-
ment predominating,

Btoom 5 reported that the metamorphic rocks
of the western Gulf of Maine area are charac-
terized by steep dips with a consistent northeast
strike. Their age is unknown, and include such
rock typesasargillite, phyllite, schist, and gneiss.
One of the more important unitsofthis group is
the Kittery Formation, a rhythmically bedded
sequence of light and dark colored siliceous
argillites with isoclinal folds that plunge gently
to the northeast. Bloom also stated thatin south-
western Maine, although the ice moved south-
easterly, the topographic grain remained north-
east—controlled by the structural strike. Ring
dikes and stocks can be delineated topographical-
ly, suggesting a lack of major regional altera-
tion of the landscape by glacial erosion.

9purray, H. W, (1947), see note 5.

A0 Chadwick, G. H. (1949), see note 6,

21Koons, E. D., Origin of the Bay of Fundy and associated
submarine scarps. Journal of Gemorphology, v. 4, p, 237, 1941,

Z2shepard, F. P,, The vrigin of the 3ay of Fundy, a reply.
Journal of Gemamhbology, v, 5, p. 137, 1942,

*iKoons, E, D., Origin of the Bay of Fundy, a discussion.
Journad of Gemorphology, v. 3, p. 143, 19412,

+Webb, G, W,, Occurrence and cxploration significance
of strikeslip faults in southern New Brunswick, Canada.
Amencan Assoceation of Petroleam Geologists Bolletin, v, 47,
no. 11, p. 1904, 1963,

25B3lvom, A, L., Late Pleistocenc changes in sea level in
southwestern Maine.  Yale University, Department of Geology.
New taven., 1959,






positive anomalies, but the northern scction is
represented by isolated anomalies. This feawre
is 9 miles in diameter, measured from the outer
circumference of the magnetic anomalies. The
circular anomaly and seven rectilinear, cncchelon
anomalics dominate the magnetic field map, but
close observation reveals three categories in
which the isomagnetic data fall. One isthe severe
en echelon and circular anomalies; another is the
very gentle magnetic areas throughout the central,
ecastern portion of the map. A third typeofmag-
netic value partern exists over most of the northern
portion of the map, in the far southeast corner,
and in that portion of the map which scems to be
a southwestern extension of the Grand Manan
Isfand shoal complex.

Isomagnetic lines are plotted at a 100gamma
interval, except where this interval is ioo close;
then a 500 gamma spacing isemployed, Values are
of the total magnetic field, including all the vectors
of the carth’s magnetic field. Anomalics are of
such a large magnitude and so well defined on
the map that the local magnetic gradient was not
sulitracted from the dara to produce a residual
map.

BATHYMLTRIC MAP

The hydrographic data are represented on the
bathymetric map (fig. 10, in pocket) by depth
curves using a lO-fathom interval. The echo
soundings were adjusted for tide and velocity of
sound in sea water, Thedatum is mean low water,

A comparison of the bathymetric and bedrock
maps brings out the masking effectthat the recent
sediments, accumulating in the depressions by
redeposition, has had on the bedrock., This dif-
ference is somewhal exaggerated in appearance
becausc a closer contour interval (20 fect) was
used on the bedrock.

The morphology of the bedrock guided the inter-
pretive contouring of the bathymetric sounding
data, Because many features of the bedrock do
not outcrop above the sca floor, more clues were
contained in the bedrock data than in the sounding
data for discovering the true morphological grain.

[SOP ACIIOUS MAF

The isopachous map (fig. 11, in pocket) was
constructed not so much toaid the geological inter-
pretation of the bedrock geology but as a service
to thosec neighborhoods of the scientific community
which can make usc of the data of horizontal and
vertical distribution of unconsolidated sediments,
and the arcas of submarine bedrock ourcrop out-
lined concomitantly. Some of these users include
the Navy, commercial fisheries (federal and
private), public health, and the various groups
concerned with offshore engineering problems,
Offshorc engineering will continue to grow in

10

importance as the United States attempts to
answer its economic mandate handed down by the
1958 Geneva Convention’s definition of the con-
tinental shelf.

The isopachous map was constructed by the
data originally taken from the seismic reflection
records using a sound propagation velocity of
5,500 feer per second, and contoured at 20-foot
intervals, The resolution offered by the sub-
bottom profiler of 5-10 feet was not sufficient to
map in detail the areas of bare rock outcrop,
though there are doubtless many areasof exposed
bedrock in the arca of study within the 20-foot
isopachous contour line. The thickest sediment
accumulation appearing on the map, located art
44 10" N., 67°50" W,, exceeded 260 feet. Of 102
cores taken during this survey, using a Phleger
corer, at only one site (approximately 437 48" N.,
68 45" W.,) was the bortom found to be =sediment
free. Three attempts at this location resulted in
as many broken core barrels. Apparently the
gross sedimentary mechanism active in thispor-
tion of the Gulf of Maine is onc of basin filling
both directly and by redistribution from the sub-
marine topographic highs. The sediments present
on the submarine topographic highs arc in an un-
stable position. They were either accumulated
there under different than prevailing conditions
{such as higher seca level) and are awaiting redis-
tribution by the forces presently inaction, or they
were laid down under these secular influences and
arc awaiting some relatively catastrophic event
{such as a great storm) to remove them to the
arvas of depression. The processesof accumula-
tion and redistribution make it difficult to as-
sign importance to any calculation of the tortal
volume of sediments in the area of study.

SUMMARY

Magnetic Field

The most striking features of the total field iso-
magnetic map are the several strong, rectilinear,
northeast-trending, positive anomalies, and the
large circular anomaly. There is little doubt
rhat these represent intrusives. Steep magnetic
gradients on either side of the anomalies suggest
vertical dips. Although the intrusives are parallel
to the structural grain, they must be dikes rather
than sills in view of the apparent steep dip of the
intrusives in otherwise low dipping country rock.
Dikes are alined with a projection of the Fundian
fault complex and were probably intruded between
the planes of this fault system. Powers3 and
Koons™® observed that onthe northwest and south-
east shore of the Bav of Fundv laree faults flank

Y ruUwel s, 2., 1NE ACdUlan L1T1asslc, joumal ol veology, Y.
24, pp. I, 103, 254, 1916,
34Koons, E, D, {1941), see noie 21,



all riassic-non-Triassic conracts, S5plit Rock,
Quaco, and Martins Head are three small oui-
crops on the northwestern shore of the Bay of
Fundy; they are bounded in each case by normal
faults. The western part of Grand Manan Island
is formed by Triassic rocks, faulted on the east
and on the west, Likewise Triassic rocks which
outcrop along the southeastern shore of the
Bay of Fundy, forming White Mountain and the
train of elongate islands to the southwest, are
severed from the crystalline rocks of Nova Scotia
by a large fault (fig. 12).

Of the four faults extended southwesterly from
the Bay of Fundy across the arca of this study,
three are represented by dikes. Apparently, the
Fundian fault system is particulariy susceptible
to dike intrusion, The large, well-defined positive
anomaly with a circular shape is interpreted asa
ring dike. A discussion of ring dikes mapped in
New Hampshire by Billings #% and the analysis of
ring dikes mapped in southwestern Maine by
Bloom #* indicate thatthe circular anomaly closely
fits the description of a typical ring dike. It is of
average size and typically developed around 180’
of the circular arc, with isolated anomalies the
cause of which probably isdue tothe source rocks
not projecting completely through the bedrock.
These appear on the less sharply defined northern
half of the circle., Thisringdike suggests a shal-
low intrusive bedy of large magnitude, active dur-
ing the time of Triassic basin formation, but it
most probably belongs to the family of thousands
of dikes which have been mapped in New Hampshire
and Maine in the older Paleozoic crystalline and
metamorphic rocks.

The rectilinear en echelon dikes are adifferent
matter, Eardley3” and Kay3 noted that all
Triassic basins of deposition on the Atlantic sea-
board are flanked on one or both sides by faults
contemporangous with basin filling. Inasmuch as
dikes seem to have been intruded into the Fundian
fault system, their presence on the sea floor at
sea should be added o the types of data which
can be used to trace the Fundian fault complex to
the southwest. Johnson,* Shepard,* and Koons4:
covered more than adequately the topographic ev-
idence for extending, or not extending, the faultto
the southwest. Using the data of the present study,
the obvious lithologic break shown on the bedrock

s

~YYBLLIINES, 8, .,
Hampshire. American foumal of Science, v, 243-A, p. 40,

4t pom, A, L. (1989), see note 25,

3 pardley, A, J., Structural geology of North America.
Harper and Row, New York, 743 pp. 1964,

35Kay, M,, North American geosynclines, Memoir 48,
Geological Societyof America, New York, 1951,

M Johnson, D, W, (1923), see note 3.

A0Shepard, F. P. (1931}, sec nore 17 and St. Laurence
{Cabot Strait) submarine trough, Geological Society of America
Bulleun, v, 42, No. 4, p. B33, 1931.

11Koons, L. D, (1941), see note 21.
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the submarine topographic scarp can be added 10
the evidence. Several rrack lines were made by
the Explorer while running between Boston and the
survey area, A few magnetometer tracklines
were made just north of Three Dory Ridge.
Murray+*? shows Three Dory Ridge as an areaof
very uneven topography and free of sediment.
Positioning the extension of the Fundian faultnear
Three Dory Ridge is in corroboration of the
seismic refraction data of Drake, Worzel and
Beckman#' which show four control points for
delimiting the Triassic basin sediments on the
evidence of travel time variations. Their re-
versed profiles are shown on fig 12, Another
northeast-trending elongate shoal at 43° 36" N.,
and 68° 33' W., is possibly analogous. It shows
a strong positive magnetic anomaly and occurs
just off the west end of the areaof detailed study.

A second type of contour pattern exhibited by
the magnetic data, probably representing a litho-
logic type, is the northeast-trending areas of
gentle highs and lows. A third contour pattern
probably reflecting a rock type istheareaof very
gentle gradient labeled as Triassic sediments on
the geologic map (fig. 12). Threetypesof lithology
are easily distinguished on the magnetic contour
map. Type two (probably tightly folded meta-
morphic and crystalline rocks of Paleozoic age)
is separated from type three (probably Triassic
sediments) by type one (dikes) in threeoutof four
contacts in the study area, and the lone exception,
in the lower southeastern corner of the survey
area, lacks sufficient magnetic data to reveal if
type one lithology is present or absent,

Bedrock Morphology

In contouring the top of the bedrock it was ap-
parent that the survey lines were not spaced suf-
ficiently close to insure thart the northeast trend
actually dominated the morphology as portrayed,
The general contouring philosophy was to favor
a northeast-trending interpretation from a con-
sideration of the regional geology whenever the
data werce too sparse to be absoiutely definitive.
Contoured magnetic data support the bedrock
contouring procedure used. Theringdike, clearly
shown by the isomagnetic map, was not recognized
on the bedrock contour map. A closer examina-
tion, however, reveals this circular feature inthe
bedrock. This su est no nant of the
folded, northeast striking Paleozoic country rock
remained intact after the intrusion took place,
probably in pre-Mississippian time, 34

+iMurray, H, W. (1947), see note 5,

*3Drake, C, 1., Worzel, J. L., and Beckman, W, C,, Gul{
of Maine, pt. 9 of geophysical investigarions in the emerged
and submerged Atlantic Coastal Plain, Geological Society
of Amerca Bulletin, v, 65, no, 14, p, 957, 19534,

+9Chapman, C, A., and Wingard, P, S,, Physical control
and age of dike formarion in the Maine coastal region, Gea-
logical Society of America Bulletin, v. 69, na. 9, p. 1193. 1§
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coarse material occupying the thalwegs could
easily be mistaken for bedrock by acoustical
probing, numerous depressions are the rule rather
than the exception, and probably exist in nature.

The two deepest depressions shown on the bed-
rock map occur along the major thalweg. They
originate in the northeast corner of the map and
leave the map at its far southwestcorner. On the
map, the deepesthasaclosingdepth curveof 1,080
feet at 43° 23' N., and 67° 43" W,, but the ncxt
deepest depression, with a depth curve of 940 feet,
occurs at 44° 13' N., and 67" 25' W., much farther
north along the thalweg. The location of this
second deepest depression strongly suggests gla-
cial deepening, and the depression is oriented al-
most due north and south. Most of the closed de-
pressions occur in the Triassic basin area and
have a northeast-southwest orientation, but this
trend was favored over other trends in the me-
chanics of contouring, Therefore, theexactrend
of many of the smaller depressions is uncertain.
Many north and south trending depressions were,
however, contoured with good control inthe softer
sediments of the Triassic lowland. This north-to-
south direction probably represents the direction
of flow of the drainage system resulting firom a
southeast slope with northeast striking ridges.
Thus, the consequent-subsequent streams are
postulated to have aresulting vector sum of south-
ward flow. Ice moving southeasterly {for which
there is much evidence, as in Johnson+7) could
easily be deflected by a preexisting drainage
topography to turn southward in local areas. Only
one area of the Dbedrock morphology map has
southeast-trending contours. This occurs on the
inset map west of 68> 30' W, These contours
must be considered with suspicion, In the south-
east corner of the inset map the tracklines are
more widely spaced, possibly toowidely spacedto
develop the complex bedrock surface. However,
this area with comparatively open contours re-
sembles the Triassic basin type of contour pattern
and probably belongs south of the main Fundian
fault. The southeasterly trend may represent the
only example of uncomplicated consequent
drainage which entrenched itself on the regional
southeastern tilt.

Regarding the extent to which bedrock depres-
sions have been filled by recent sediment, almost
all depressions in the bedrock are represented
by more subdued depressions on the sea floor be-
cause of recent sedimentation. The case with
which the recent sediments of the Gulf of Maine
are penetrated acoustically was realized asearly
as 1940.4 Penetrability of the sediments undcr
conditions of low signal-to-noise ratio owes its
causc to the acoustic rransparency of the sedi-
ments and the freshly polished bedrock whichlies

47 Johnson, D, W, (1923), see note 3,
A8purray, H. W, (1947), see note 5,

i

at rather shaliow depths beneath it, Thus, the
unconformity represents an excellent acoustical
reflecting surface between the Recent sediments,
which have a velocity averaging 5,500 feet per
second, and the Triassic slates with a velocity of
12,000 to 13,000 feet per second and the crystal-
line basement complex and intrusives of velocities
exceeding 17,000 feet per second. 49

CONCLUSIONS

By combining the earlier work of Johnson,®
Shepard,s: and KayS2with the results of the pres-
ent study, a general geological history of theori-
gin of the Gulf of Maine was developed,

The geologic history of the Gulfof Maine can be
best understood when it isrealized thatits forma-
tion follows the classic erosional development of
a coasrtal plain, complicated by subsequent ice
sculpturing. A young coastal plain is an area of
the former sea floor exposed along the margin of
an oldland area, [n the case ofthe Gulf of Maine,
the oldland is a peneplaned and southeasterly tilted
surface composed of pre-Mississippian, tightly
folded, and intruded metamorphic and crystalline
rocks, Upon this peneplaned surface an early
Mesozoic belt of sediments was deposited in a
taphrogeosyncline, or rift geosyncline, repre-
senting a belt of tilt-block geosynclines hounded
on one or both sides by high-angle faults extending
along the Atlantic Coastal Plain from New Bruns-
wick to South Carolina,®* The deposits ofthe rift
geosyncline are Late Triassic nonmarine sedi-
ments deposited contemporaneously with faulting.
Also contemporaneous with faulting on both the
inner and ourer rifts of the geosynciine are dike
intrusions implaced along the riftfractures.

Development of the Triassic rift geosyncline
was followed by a second peneplanation. South-
easterly, or seaward tilting in the late Mesozoic
and Cenozoic was accompanied by deposition of
sediments until as late as the Miocene. Either a
regressing sea migrated southeast of the outer
banks by Miocene times, or emergence exposed
the Miocene surface tothe subaertal environment.,
Streams began to incise the new coastal plain,
particularly seaward of the rockdefended fall line
formed by the juncture of the sediments of the
rift geosyncline and the oldland.

Consequent streams beganto formonthe Trias-
sic [nner Lowland and the Late Mesozoic and

4#9prake, ¢, L., et al. {1954), see note 43,

30 yohnson, D, W, (1925), see nute 3.

S1ghepard, F, P., Qrigin of Georges Bank,Geological Socie-
tvof America Butferin, v, 45, no, 2, p. 281. 1933. Canyons of
the New England coast, American Joumal of Science, 5th ser.,
v. 27, no. 157, p. 24, 1934, Sec also notes 4, 16, 17, 22, and

"S2ay, M. (1951), see note 38.
531bid.



Ay T tiary Outer Lowland. Consequent

cams trom the slopes of the oldland extended
their courses across the coastal plain, and cuestas
developed on the southeasterly dipping sediments,
Subseque  streams formed on the cuestas with a
tendency 1or southwesterly drainage. The vector
sum resulted in a north-south drainage pattern
across the Triassic oldland. As cuesta ridges
were formed, than breached, drainage of the
coastal plain eventually found its exit to the south-
east between Georges and Browns Banks,

Derails of erosion developed under these con-
ditions were largely removed by the advent of the
great and final excavation of the coastal plain
during the Pleistocene Epoch. Predominantdirec-
tion of ice movement was southcastward, Theice
moved down the regional slope, forming the closed
depression which is the Gulf of Maine as well as

steepening the inner faces of the great cuesta of
the outer banks, Most of the sediments were
carried beyond these banks to the Atlantic Conti-
nental Stope and Rise.

The ice then stagnated and a rclatively thin
vencer of till was left on the polished floor of
the Gulf of Maine, Deposition of marine clays
has been of minor consequence since that time,

LEffects of glaciation are suggested by the bathy-
metry of the Gulf of Maine and are exhibited more
clearly by the bedrock morphology. Faulted
inliers of the oldland project through the coastal
plain strata. The structure of the Inner and Quter
Lowlands is ahundantly evident with its northeast
structural strike paralleling the strike resulting
from the initial dip of deposition. Strings of closed
depressions mark glaciation along the river
drainage pattern.
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