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PREFACE 

Geophy ical surveys in New Brunswick are proving a valuable guide to 
the nature of structures ooncealed beneath flat-lying Penn ylvanian strata that 
blanket nearly half of the southeastern part of the province. Outcroips at the 
edges of the Pennsylvanian blanket, arnd the records of oil and gas wells, indicate 
that ridges of pre-Carboniferous crystalline rocks occur along the axes of some 
folds involving Carboniferous strata. The outlining of such ridges beneath 
the Pennsylvanian blanket will provide information on the structure of the 
Carboniferous rocks, and this information may be of economic value because 
the Carboniferous includes the salt-bearing Windsor strata as well as the 
petroliferous Albert formation. 

Previous geophys~cal surveys, jointly by the Geological Survey and the 
D ominion Observatory in 1932, 1935, and 1943, with torsion balance and magnet­
ometer, showed that definite gravity and magnetic anomalies were associated 
with known ridges of pre-Carboniferous rocks. Surveys described in this report 
were made on the Pennsylvanian cover by A. H. Miller of the Dominion 
Observatory. They suggest the presence of several pre-Carboniferous ridges. 

GEORGE HANSON, 
Chief Geologist, Geological Survey 

0TrAWA, February 5, 1946 

63178-2! 





GRAVIMETRIC SURVEYS OF 1944 IN NEW BRUNSWICK 

I NTRODUCTION 

The gravimetric surveys with which this report is concerned were carried 
on by the Dominion Observatory, in collaboration with the Geological Survey, 
at the request of the Department of Lands and Mines of New Brunswick. Their 
obj ect was threefold. 

(1) To trace aicross the Shediac basin the presumed ea.sterly continuation 
of the skucture between Pollett River and Bridged·ale, indicated by the gravity 
"high" determined with the torsion balance in 1943, and to outline other possible 
structures in this basin. 

(2) To complete a network of station.s around the Weldon salt deposit, and 
thereby heLp to define its extent and structural significance. 

(3) To ouitline, so far as might be poss·ible, the subsurface structure of the 
Carboniferous basin (See Figure 4) of eastern New Brunswick between Moncton 
allid Bathurst. This basin is belie'Ved to be underlain by a series of buried ridges· 
of pre-Carboniferous rocks, with intermediate synclinal basins generally oriented 
southwest-northeast, corresponding structurally to the petroliferous Hillsborough 
basin. This interpretation is ba.sed pairtly on the results of previous drilling and 
partly on general geological studies. 

Previous work in 1935 1 and 1943 indicated that such ridges and basins could 
be detected with the torsion balance. It was, therefore, proposed to run a series 
of traverses in t he following order of priority. 

(1) Along the eastern coastal road from Cocagne to Caraquet, approxi­
mately 120 miles. 

(2) Along the Moncton-Rogersville-Newcastle-Bathurst highway, approxi­
mately 100 miles. 

(3) Along the Sussex-Chipman highway and thence along the Canadian 
National Railway to McGivney, approximately 80 miles. 

A gravimeter (See Plate I A) became available for the work through the 
courtesy of the Humble Oil and Refining Company of Houston, Texas, who own 
the instrument, and of the American Geophysical Union, at whose disposal it has 
been placed by the company for the past several years. The writer is indebted 
to Dr. George P. Woollard for training in operation of the instrument. As a 
preliminary to about 3 months' field work the writer spent a pleasant and 
profitable 10 days under his supervision at the Woods Hole Oceanographic 
Institution, Woods Hole, Massachusetts. Later, at the conclusion of the work 
in New Brunswick in September, Dr. Woollard came to Canada and observed, 
in company with the writer, some ninety stations (424-511, Table I) on regional 
traverses (stations about 10 miles apart) in Nova Scotia, New Brunswick, and 
Quebec. Except for about 30 miles along the railway between Chipman and 
McGivney all the proposed work mentioned above was completed , in addition 
to a considerable amount of other work with the gravimeter and a traverse 
between Port Elgin and Bathurst with the magnetometer. 

The gravimeter is ordinarily transported in a motor truck, and observations 
are taken along the road on a tripod let down through a well in the rear of the 
chassis. As no highway follows the railway between Chipman and McGivney, 
the change to transportation by rai l and observation on the railroad bed would 
have taken time and been somewhat of an experiment. Instead, the observations 
were carried from Chipman by the highway through Minto, Sheffield, Frederic­
ton, and Covered Bridge to McGivney, and on from there to close with the 
traverses through Newcastle. 

1 Pub. Dom . Obs. XI, 6, App. III, 1940. 
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The program (See Figure I) was carried out after consultation in the field 
with F. J. Alcock of the Geological Survey, and in continued close co-operation 
with Dr. F. J. vVright, Provincial Geologist of New Brunswick. The writer was 
ably assisted by Mr. L. P. Wood, Barbados scholar and undergraduate of 
McGill University. 

FIELD WORK AND COMPUTATIONS 
THE GRAVIMETER 

Gravimeters are, in principle, exceedingly sensitive weighing devices for 
making rapid determination of minute differences of gravity. They have been 
much employed in the exploration fQr oil. The essential part of most of the 
several existing types is a mass supported by a spring or a system of springs. 
Variations in gravity produce corresponding changes in the weight of the mass, 
which in turn affects the spring. In some instruments the resulting elastic 
deformation of the spring serves to determine the gravity variations; in others 
the tension or force required to maintain the original dimension of the spring 
determines the gravity differences. 

Index Plate_ -
Ground Glas~r::===J 

8 
light 

PLATE I 

Mass 

.A. The gravimeter in. use. B. Diagram of Truman grav~meter. 

Rotation accompanying the elongation of a spring, and the torsion in a 
quartz fibre are effects that are employed in two well-known types of gravi­
meter to determine the gravity variations. In another type the mass, supported 
by a delicate spring, is represented by the inner plate of an electrical condenser. 
The instrument used in the present investigation (See Plate I A) is described 
as a compound Truman type gravimeter, in which gravity is balanced to a zero 
(null) position by varying the tension in a fine spring. 

OBSERVATIONAL ROUTINE AND ACCURACY OF OBSERVED VALUES 

Twenty-seven base stations were established by the usual method 1 of 
looping. All other stations in New Brunswick are referred to the values 

INettleton, L .L.: Geophysical Prospecting for Oil; McGraw Hill Book Co., Inc. (1940), !st edition, p. 38. 
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obtained for one or other of these bases. Several pendulum stations were avail­
able, along the route followed, for control of the long regional traverses in Nova 
Scotia, New Brunswick, and Quebec. The first loop, begun at the pendulum 
station at Amherst, followed Route 2 to Aulac, thence through Port Elgin and 
Shediac by Routes 16, 15, and 11 to Moncton, and thence by Route 2 back to 
Amherst, a distance of 120 miles. Ten bases were established along this loop 
at intervals considerably shorter than those subsequently adopted. This loop 
closed within two milligals, and the error was distributed around the loop. All 
other loops closed within one milligal, and no further adjustments were made. 
The value of gravity carried over with the gravimeter, through the network, 
from the pendulum station at Amherst to the pendulum station at Fredericton, 
agreed with the pendulum result within nine-tenths of a milligal. The pendulum 
value 980 · 690 is larger than the gravimeter value, but is retained in Table I 
because it agrees better with the results for the regional traverse between 
Riviere du Loup and Saint John, and because the loop carried from Amherst 
through Moncton, Sussex, Fredericton, and Doaktown without adjustment closed 
within half a milligal at Newcastle with the line from Amherst along the coast, 
through Port Elgin and Shediac. 

Most of the observed results, if not all of them, are probably correct to a 
milligal , that is to one unit in the third place of decimals in the quantities 
entered in the last column but two of Table I. This is concluded from the 
results of repeated observations, and in particular from eleven stations purposely 
repeated on returning from Newcastle to Moncton on September 1. Three of 
these repeats gave a difference of zero, one gave two-tenth of a milligal, three 
stations gave three-tenths of a milligal, two four -tenths, one six-tenths, and one 
eight-tenths, the average being three-tenths of a milligal. Stations 443. to 460 
or even to 466 are probably in error by more than a milligal, due to a correction 
that had to be made for a shift of t he equivalent of 4 milligals in the reading 
of the instrument, and thought to be caused by travel over rough roads between 
Whitehead, Goldboro, and Melrose, in Nova Scotia. 

The scale value of the gravimeter was determined at Woods Hole, at the 
beginning of the season, by the application of the gold weights instailed in the 
instrument for the purpose. The value 0 · 352 milligal per scale division was 
obtained. The instrument had been calibrated by Woollard 1 by comparison 
with numerous pendulum stations in the United States. 

\"Vi th the exception of Bathurst (difference, 5 milligals) and Truro (differ­
ence, 31- milligals) the gravimeter agreed within a milligal with the pendulum 
at the remaining eleven pendulum stations previously established in the 
Maritimes and Quebec. 

PRINCIPAL FACTS FOR GRAVITY STATIONS 

Principal facts for all the gravity stations are listed in Table I. In column 
1 the station numbers are arranged in chronological order; the names of the 
stations are given in column 2. The name in brackets identifies the place on 
the map nearest to the point of observation. Longitudes and latitudes (columns 
3 and 4) were obtained from maps varying in scale from 1 to 8 miles to an inch. 
Those taken from the 1- and 2-mile maps (listed to one-hundredth of a minute) 
are perhaps correct to one-tenth of a minute, whereas those taken from the 
smaller scale maps rmay be as much as 0·5 minute in error for some stations. 
Elevations appearing in column 5 were, in many instances, known either from 
rail elevations published by the Geodetic Survey of Canada or from elevations 
shown on the 1- and 2-mile maps. Where the required elevations were not known 
they were obtained with an altimeter (aneroid barometer, Paulin system), which 

1 Woollard , George Prior: Transcontinental Gravitational and Magnetic Profile of North America and its Relation to 
Geologic Structures; Bull. Geol. Soc. Am. , pp. 747-790 (1943). 
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was checked against known elevations several times a day, and most of them are 
believed to be correct to within 5 feet. 

Theoretical gravity (y0 , in centimetres per second) at sea-level for each 
station in column 6 is obtained by substitution of the latitude (<ll) of the station 
for gravity at sea-level in the formula Yo= 978·049 (1+ 0·0052884 sin2<ll 
-0 · 0000059 sin 22<D), adopted by the International Union of Geodesy and 
Geophysicsl. In this formula the quantity 978·049 is the mo t probable value 
of gravity at the equator, as deduced from numerous gravity observations at 
many places over the earth. The coefficients of sin 2 <D and sin 2 2<ll are deduced 
from theoretical expressions for gravity on the adopted spheroid. In column 
7 are corrections for elevation, or the decrease in gravity due to increased 
distance from the centre of the earth. It amounts to -0 · 09406 milligal per foot. 
In the next column is the Bouguer correction, the combined correction due to 
elevation (negative) and the correction (positive) for the attraction, at the 
station, of material above sea-level. This second part of the correction is taken 
to be equivalent to the attraction of an infinite horizontal disk of thickness equal 
to the elevation of the station. It is practically equivalent to one-half the effect 
of a curved disk of the same density and thickness extending all the way around 
the earth. For a rock density of 2 · 67 the combined or Bouguer correction 
amounts to -0·06 milligal per foot. It is always negative, because the •elevation 
correction exceeds that due to land above sea-level. Irregularities in the terrain 
may necessitate a further correction, appropriately termed the 'terrain cor­
rection.' No corrections have been made for this, but observation of the topo­
graphy in the immediate vicinity of the stations, and comparison with the 
results of topographical reductions for pendulum stations in the area, suggest 
that the terrain correction (carried to a di tance of even 100 miles from the 
station) is not likely to amount to as much as one milligal for any of the 
stations. 

In columns 9 and 10 are the fr ee-air and Bouguer theoretical values of 
gravity for each station. They are obtained by substracting the respective correc­
tions from the theoretical value of gravity y 0 at sea-level. In the next column 
is the value of observed gravity for each station, deduced from the observations 
with the gravimeter. The gravity anomalies (observed value minus computed 
value) are listed in the last two columns. 

The free-air anomalies, which take no account of the attraction of matter 
above sea-level, have been included in the list because of their application to 
the determination of the geoid 2 . 

After correction has been made for the attraction of topography there still 
remain in the Bouguer anomalies the effects of invisible excesses and deficiencies 
of matter in the earth's crust. Anomali es of density nearest to and directly 
beneath the station will be those most effective in producing gravity anomalies, 
and they are the very anomalies that are of particular interest to the geophysical 
prospector. More distant anomalies in the crust also may and do produce quite 
large gravity anomalies. They may be distinguished from the local effects by 
their persistence for greater distances over the earth's surface. A positive 
anomaly, one for which the observed .value is greater than the computed value, 
represents , of course, an excess ·of gravity at the station, and is an indication 
of rocks heavier than normal. A negative anomaly represents a deficiency of 
gravity, and suggests lighter rock formations. 

It is thought that the anomalies are usually correct to a milligal, but as 
they are affected by errors in both the observed and computed values it. is 
apparent that they may be from 1 to 2 milligals in error in many cases. 
~bert, Walter D., and Darling, F. W.: Tables for Theoretical Gravity According to the New International Formula; 
Bull. Geod. 32, Oct.-Nov.-Dec., 1931. 

Gulatee, B . L.: Prof. Paper No. 30, Survey of India. Gravity Anomalies and the Figure of the Earth, 1940. 
'Jeffreys, Harold: Earthquakes and Mountains, Chap. III, 1935. 

Hin•onen , R. A.: The Continental Undulations of the Geoid; Finnish Geol. Inst. 19, 1934. 
Lambert, W. D.: Tables for Determining the Form of the Geoid and Its Indirect Effect on Gravity; Sp. Pub. 199 

U.S.C. and G.S., p. 103. . 
Gulatee, B. L.: Gravity Anomalies and the Figure of the Earth; Prof. Paper 30, Survey of India, 1940. 
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DISCPSSION OF RESULTS 

The mileage of the stations in the profiles of Figures 2, 5, 6, and 7 have been 
obtained by projection on a line joining Moncton and Newcastle, about 32 degrees 
west of north, approximately perpendicular to the shore of the Bay of Fundy and 
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Figure 2. Showing extension of the Pollett River-Bridged•ale high across Shediac 
b asin, as suggested by four g·ravity profiles between Bridgedale and Barachois. 
Resu1ts of observations wi·th the tor·siO'll balance •are indicated by ithe graphs with 
the small circles and thin lines; those with <the gravimeter by the larger circles and 
thick lines. 

also to the strike of the Pollett River-Bridgedale anomaly (34 degrees north of 
east). The gravity anomalies that are plotted in each of these figures and 
in Figure 3 are the Bouguer anomalies listed in Table I. 
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EXTENSION OF THE POLLETT RIVER-BRIDGEDALE HIGH 

The easterly extension of the Pollett River-Bridgedale high is indicated by 
the four profiles of Figure 2. From Bridgedale it apparently continues for 20 
miles through Chartersville and Scoudouc Station to a. point about midway 
between Barachois and Boudreau, Route 16, on the shore of Northumberland 
Strait. 

For comparison there are plotted in this figure the anomalies obtained with 
the gravimeter in 1944 and those derived from the gravity gradients, in the sur­
vey of 1935. In the upper profile the form of the gravimeter and torsion balance 
curves is generally the same between Hillsborough and BricLgedale; highs and 
lows occur at the same point . The tprsion balance profile is, however, generally 
from 2 to 4 milligals lower between tho e two pla.ces, and the difference is prob­
ably due to error in the torsion balance results. True average gradients are 
probably not obtained for the interval· between successive stations at places 
where the gradients are large ancL variable. 

North of Bridgedale the observations, with the res1pectivc instruments• were 
over quite different ground. The torsion balance traverse, from Bridgedale, was 
directed toward the lighthouse. It cut across the marsh lands to Lewisville, 
and thence along the McLoughlin road through Cherryfield to the road inter­
section at the foot of Lutz Mountain, near Irishtown station. The gravimeter 
traverse, on the other hand, followed the Magnetic Hill road to Indian Mountain. 

The magnitude of the respective anomalies along the Calhoun traverse is, 
in general, in fair agreement. There is a high between Gayton and Calhoun, 
but not more than a suggestion of it in the gravimeter results. Another high is 
slrnwn by the torsion balance about 2 miles north of Meadowbrook. Greater 
detail is to be e~pected in the torsion balance results, as the stations "·ere usually 
only a quarter of a mile apart as compared with 1 to 2 miles• with the gravimeter. 
A fault, or its gravitated equivalent--an abrupt rise in rock formation of 
high er densi ty-is indicatedl by the gradients and curvature- obtained with the 
torsion balance at a depth of somewhat more than 1,000 feet about a mile south 
of Scoudouc station. 

Similar effects were observed with the torsion balance at a.bout -2- mile and 
also 1 mile north of Meadowbrook. As the pre-Carboniferous rocks are prob­
ably not far below the surface at any of these point these anomalie may be 
due to variations of density within the pre-Carboniferous formations themselves. 
The large magnetic and gravity anomalies at Bridgedale are also, most probably, 
due to the presence of some heavy, magnetic, pre-Carboniferous formation within 
the pre-Carboniferous and not to a transition from Carboniferous to pre-Car­
boniferous rocks, for it is concluded from drill holes and confirmed by the 
anomalies that pre-Carlboniferous rocks lie within a few hundred feet1 of the 
surface at Lower Coverdale, about 3 miles south of Bridged1ale. 

OTHER ANOMALIES IN THE SHEDIAC BASIN 

The Shediac basin comprises that part of New Brunswick east of Petitcodiac 
River, and covers about 600 square miles. East of M emramcook River the 
existing observations indicate a gradual decrease in gravity from the Bridgedale­
Barachois high to the pronounced low between Cumberland Basin and Baie Verte. 
Between the Memrarncook and P etitcodiac the low in the vicinity of Pre d'en 
Haut is related to the salt .deposit, and an apparent high near Beaumont is 
probably diue to a buried easterly extension of the pre-Carboniferous rocks of 
Caledonia Mountain. No further indication of this gravity high ,can be 01bserved 
along the strike until Cape Bruin (station 57) is reached. A positive anomaly 
of a few milligalsi was observed at that station. Poss,ibly associated with this is 
the magnetic anomaly between Shemogue and Port Elgin (See Figure 5). 

1 Cf. Geological section by G. W. H. Norman, Fig. 36, Pub . Dominion Observatory, XI, 6, p. 244. Lower Coverdale 
is near sta. 20, mileage 10, and Bridgedale at sta. 31, mileage 12·7. 
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THE WELDON SALT DEPOSIT 

"Four wellsl, two near Gautreau on the east side and two near the mouth 
of Weldon Creek on the west side of Petitcodiac River show that, there at least, 
a thick bed of salt occurs 150 to 500 foet beneath the top of the Albert formation 
in the centre of the basin north of Caledonia Mountains. The top o,f the salt in 

46b' 
54"45• 

I 
I 

SCALE OF MILES 

0 2 

G.S.C. 6bci 
64'35' 

Figure 3. Map of part of New Brunswick showing gr.a.vity anomalies in the vicinity 
of Hillsborough, and contours of gravity over Weldon salt deposit. Locations of 
gravimeter stations are indicated by sma.ll circles. The station numbers are 
followed 1by the sign .and the number repre-senting ·the Bouguer anomaly in units 
of on€-'tenth of a rnilligal; thus 272-2. 

i Geo!. Surv., Canada; Descriptive Notes, Map 647A, Hillsborough Sheet. 
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the wells east of the river is 1,225 feet below sea-level, and in the western wells 
slightly more. The greatest drilling thickness of salt, though perhap not the 
true thickness, is 1,5112 feet in a well at the mouth of Weldon Creek. The salt 
contains a Little hale and in some layers a little glauberite. Most of the glau­
berit.e oc·curs in a bed 100 feet thick at the top of the salt and in parts of this bed 
it is the chief constituent". 

Salt, with a density of only 2· 2, would produce a negative anomaly or 
gravity low in contact with the average rock. A low of 3 mill.igals is outlined by 
the closed contours south of Hillsborough (See Figure 3). 

For a density contrast of 0 · 2 that anomaly would correspond to a thickness 
of 1,200 feet of salt. On this interpretation, also, the greatest thickness of salt 
occurs from 1 to 2. miles south of the driU holes at Weldon and Gautreau. There 
are, however, other light rocks in the Mississiiipian, notably the Albert shales, 
some of which are even lighter tlran salt, but in the absence of knowledge re­
garding the extent of such rocks it is, of course, impossible to estimate their 
contri1bution to the observed anomaly. In any event the area of lighter rocks is 
definitely outlined by the anomaly contours of Figure 3. 

RocK DENSITIES AND M .AGNETIC SuscEPTIBILITIES 

Measurement of the density Df 200 rock specimens (mostly by J. A. L. 
Henderson) shows large ranges within the individual formations of Pennsyl­
vanian, Mississippian, and pre-Carboniferous age. Thirty-four Pennsylvanian 
specimens ranged from 2·11 to 2 · 72, 136 Mississippian specimens from 1·59 to 
2 · 73, and 43 pre-Carboniiferous specimen from 2 · 57 to 2 · 97. Fifty specimens 
were tested for magnetic susceptibility, ten of these from Carboniferous 
(Mississippian and Pennsylvanian) formations. The latter were only slightly 
magnetic, but the pre-Carboniferous specimens varied from only slightly to 
highly magnetic. The density measurements suggest that gravity anomalies 
may be caused by, and may occur over, areas underlain by formations of any of 
these ages irrespective of the others, depending on the extent and location of 
the constituent rocks. A the pre-Carboniferous rockg. are on the average heavier, 
and as they include the heaviest rocks, a positive gravity anomaly is an indica­
tion favourable to their occurrence, but by no means proof of it. On the other 
hand magnetic susceptibility determinations suggest that a magnetic anoma.ly is 
decidedly sru.gge tive of the presence of pre-Carboniferous rocks, but that the non­
existence o.f an appreciable magnetic anomaly is no proof of their absence. 

Pre-Carboniferous rocks comprise a great variety of formations from 
Precambrian to Devonian age, and, consequently, represent a much longer time 
than ·does the succeeding Carboniferous period. It is possible that further study 
of the physical properties of different rock types, in !'elation to their relative 
importance in the make-up of the existing geological formations, might lead to 
better understanding of the observed geophysi·cal anomalies, and to more 
definite inkrpretation of them. 

ANOMALIES OVER A PRE-CARBONIFEROUS RIDGE 

A logic1l approach to the investigation, by geophy ical methods, of buried 
pre-Carboniferous ridges would certainly appear to be the observation of ano­
malies caused by an exposed ridge, where the pre-Carboniferous rocks reach 
the surface. Fortunately just such a ridge is known in southern New Brunswick; 
it is Caledonia Mountain, along the upper reaches of the Bay of Fundy. This 
mountajn, 1 ke most o.f the upland regionl along the Bay of Fundy between 

'Alcock, F. J. New Brunswick, Past and Present; Can. Geog. Jour., XXVII, 2, pp. 64-83. 
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Hillsborough and Saint John, is composed of hard volcanic rocks and granites. 
Observations on it with the magnetometer, by G. W. H. Norman 1 and Dr. 
Wright, show large magnetic anomalies, and observations with the torsion 
balance, in 100'5, incLica.te a large gravity anomaly over the probable bmied 
extension of the mountain, south of Hillsborough. In 19'44 the gravimeter re­
vealecli large positive gravity anomalies (See Figure f>) over the pre-Cavboniferous 
formation at Hammondvale, at Mechanicsville, a few miles south of South 
Bran.ch, and over the proibable easterly extension of Caledonia Mountain, at 
station 96, between Surrey and Hopewell Cape. All these observations indicate 
that a bmied, pre-Carboniferous ridge, at a moderate depth and of the same 
composition as the Caledonia Mountain ridge, could hardly e cape detection with 
either the magnetometer or the gravimeter. 

THE CARBONIFEROUS BASIN OF NEW BRUNSWICK 

The Carbonifernus basin of New Brunswick (See Figure 4) covers most 
of the southeastern half of the province, and is occupied mainly by fiat-lying 
sedimentary rocks of Penns1ylvanian age. As already indicatecli, the object of 
the observations within this bas.in was to outline the positions of sub-surface 
features beneath the mantle of late Carboniferou rocks. 

If such features, presumed to be ridges of pre-Carboniferous rocks, do exist, 
it would 1be expected that gravity would be greater above them, where the 
heavier pre-Carboniferous rocks come nearer to the surface, than over the inter­
vening pre-Carboniferou valleys, where the thickness Qf lighter Carboniferous 
rock is greater. On this ideal assumption, a gravity profile across the basin 
would be a series of alternating highs and lows ·corresponding to an elevation 
profile of the ipre-Carboniferous surface itself. By plotting the results of parallel 
traverses Qn the same base (as in Figure 5) the trends of the anomalies in a 
direction at right angles to the traverses are obtained., and may correspond to the 
trends or axes of the ridges themselves. 

GRAVITY ANOMALIES OBSERVED OVER THE CARBONIFEROUS BASIN 

The anomalies over the main part of the Carboniferou basin are shown in 
Figure 5. The results tend· to confirm the pre urned existence of buried ridges, 
and are in as reasonable agreement with that presumption a could be expected. 
They are, however, no proof of the existence of such ridges, and, a other possible 
explanations could be given for the a.nomalies, they can be regarded onl;y as 
favourable incl:ications. Whatever the ca.use, it is certain that the definite 
persistence of the anomalies has an important signifi·cance, and represents some­
thing that is intimately bound up with sub-surface geological structure. 

The most ipronounced feature is the low of 20 milligals. extending for 60 miles 
from Easrt Gallo.way through Grangeville to Chipman and possibly on to 
Fredericton. Other trends are indicated by the dotted lines between the profiles 
of Figure 5. 

Although the structme and position of a sub-surface geological formation 
do determine the form of the gravity profile, it does not follow, conversely, that 
the form of the gravity profile determines unequivocally the feature of the sub­
surface geology. However, much useful information may be had from mere 
inspection of the gravity profile and the application of quite simple rules. A 
sharp rise and corre ponding fall in the profile is probably caused by a deposit 
at no great depth. On the other hand, a broad anomaly does not necessarily 
indicate a deeply 1::mried deposit. For example, except for the minor undulations 
in the top of the ·curve, the profile between Port Elgin (Figure 5) and East 

1 Pub. D.O. XI, 6, 1940, App, II and III. 
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Galloway has the appearance of a truncated wedge or prism cut off at the top, 
and may be due to just such a configuration of the buried pre-Carboniferous 
surface. 
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Figure 5. Gravity profiles across part of Carboniferous basin, in New Brunswick, 
south o:f Miramichi River. 

There is reason to Slllppose that the pre-Carboniferous rocks are not far 
below the sUDface at Barachois. Assuming that the anomaly there (See Figure 
5) is due to a single contact or single density contrast, then it would be estimated 
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that at Port Elgin the pre-Carbonif.erous surface is at a depth of about 2 miles, 
and at East GalkJway about 3 miles. 

These results are dbtained by a simple rule first used by Eotvos. For 
moderate slopes (up to 15 degrees) the gravity anomaly between two points on 
the ground above a slo.ping co.ntact is directly proportional to the density con­
trast, at the contact, and1 to the depth through which the contact has plunged in 
the interval. Consequently, if the anomaly is measured and the density contrast 
is known, the plunge of the contact may be computed. For density difference 
unity, the depression is 80 feet per milligal. For density contrast 0 ·2, the value 
employed in the e timates of the preceding paragraph, the computed depresBion 
is 80/ 0 ·2, or 400 feet, per milligal. 

There are other imple relations1 between the gravity profile and structure 
in its various geometric forms, and these may often have useful application. 
Over the Carboniferou basin, where the dimensions of the structures a.long the 
strike are usually large as compared with the other dimensions, the half-width 
rule, described by Nettleton 2 , may be usefully employed in ei:'timating depths. 

At many points along the profiles of Figure 5, it is apparent to the eye that 
the resultant anomaly curve i a. combination of a regional effect of more dee.p­
seated origin and a local effect caused by something nearer the surface. 

In the second profile from the bottom of Figure 5·, it is apparent that a local 
anomaly between Hopewell Cape and Surrey i superimposed on a more regional 
anomaly between Daniel and Weldon. The two anomalies could be distin­
guishedJ3 from each other graphically by connecting with a smooth, slightly 
curved line the two small ·circles at the base of the local anomaly. Similarly, in 
the lower profile, the anomalies at Cocagne and St. Frarn;ois are comparatively 
local effects superimposed upon the general trend of the profile. 

Application of the simple rules., descri•bed or referred to above, indicates 
that most of the anomalie in Figure 5 could be accounted for by structures at 
moderate depths. To illustrate, the St. Frangois anomaly could be accounted 
for by a structure with centre of gravity at a de.pth of It miles and crest a.t about 
t mile. The corresponding figures for the Chatham anomaly are 6 and 3 miles 
re pectively. These anomalies approach the form of that due to a buried cylind~r , 
and ha.ve been estimated on that basiis for a density contrast of 0·2. 

MAGNEI'IC ANOMALIES 

Results of a traverse with the vertical magn etometer between Port El.gin and 
Bathurst are shown in Figure 6. The observed magnetic values have not been 
corrected for normal variation with latitude and longitude. The profile, therefore, 
shows a continual rise in value on proceeding northwest towards Bathun:t. 
Assuming the normal variations with latitude and longitude to be constant, then 
the observation when referred to the inclined abscissa (indicated by the broken 
straight line) wou!.d represent the true anomalies, provided the traverse retained 
the same course or direction throughout. This is roughly true of the ro.a.d from 
Port Elgin to Bathurst, along which the traverse was made. The point on the 
traYerse farthest from the line joining P ort Elgin and Bathurst is Chatham, 
which is about 15 miles west. The error there, though larger than for any of 
the other sfations, amounts to only 20 gammas, and is comparatively negligible. 

At a number of places the magnetic and gravity anomalies coincide, or 
nearly coincide. Where the magnetic and gravity highs agree, and e pecia\ly 
where the two curves are sufficiently similar to suggest a, common origin, it would 
be reasonaible to suppose heavy magnetic rock, probably pre-Carboniferous, to 
be the cause of the anomaly. 

i Nettleton. L. L.: Geophysical Prospecting for Oil (1940), !st edition, Chap. VI. 
2 Ibid., p. 123. 
'Cl. several profiles by Woollard under reference p. 5, 
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Attention has already been directed to the magnetic anomaly south of 
Shemo.gue as evidence Qf a poss,ible subterranean easiterly extension of Caledonia 
Mountain. The magnetic anomaly at Cocagne, and the relatively small gravity 
anomaly a little farther south (See Figure 6), are evidence of the buried con­
tinuation of Indian Mountain, which was traced for several miles with the 
magnetometer in 1943. The large gravity low at East Galloway is also a 
magnetic low. 
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Figure 6. GraV'ity and magnetic profiles Porit Elgin to Bathurst, and gro.vli ty profile 
Ferry Road (Chatham) ·to Caraquet. The magnetic profile is indica.ted by the 
broken line. 

N EGUAO-TRACADIE-CARAQUET GRAVITY PROFILE 

A gravimeter traverse begun at Ferry Road corner was carried on around 
the peninsula, through Neguac and Tracadie beyond Oaraquet. The gravity 
anomalies are shown by the lower profile of Figure 6. Although not entirely 
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laioking, there is no marked correspondence between this profile and the Chatham­
Bathurst gravity profile. 
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REGIONAL TRAVERSES WITH THE GRAVIMETER 

Towards the close of the field season, about the middle of September, tra­
verses with station 8 to 10 miles apart were made across Nova Scotia fr0m 
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Northport (near Port Elgin) along the coast through Tatamagouche to Pictou; 
thence through Antigonish to Canso; thence along the Atlantic coast to D art­
mouth; and thence through Truro, Parrsboro, and Springhill to Amherst. 
Observation were resumed at Bathurst, linking the previously established 
Amherst-Port Elgin-Bathurst traverse with one through Campbe},]ton and Mata­
pedlia, across Gaspe, to Mont J oli. From there the traverse was carried along 
the St. Lawrence through Rimouski to Riviere du Loup, and finally back along 
Route 2 through New Brunswick to Saint John. 

The location of these traverses is shown on Figure 1, and the main results 
appear on Figure 7, where the Bouguer anomalies- are plotted along two approxi­
mately parallel traverse across Gaspe, New Brunswick, and ova Scotia., 
between the St. Lawrence River and the Atlantic Ocean. 

Stations at Annapolis Royal, Caledonia, and Liverpool were established with 
a pendulum apparatus in 19>37. A low is suggested through the area of Pre­
cambrian and pre-CaDboniferous rocks from Caledonia to Waverley (See Figure 
7) . Much of the large, negative, Bouguer anomaly a.eras Gaspe is due to 
isostatic compensation. The large anomaly at Val Brillant i reflected in the 
results along the more westerly traverse at VaUJban (See Figl.Ll'e 7). 

The anomaly at Val Brillant is of special interesit and significance in connec­
tion with large landward "deflections of the vertical'' observed by the Geodetic 
Survey along the northern coast of Ga pe 1 . At Mont Joli the deflection amounts 
to about 10 seconds of arc. In an investigation of these deflections by F. J. Alcock 
and the writer 2 , it was found that, on the average, about half the deflection 
could be accounted for by isostatic compen ation. That would leave about 5 
seconds unaccounted for at Mont Joli , one of the stations not covered in the 
above mentioned investigation. It is estimated, however, that the heavy rock 
formation that causes the gravity anomaly at Val Brillant would deflect the 
plumb line another 3 seconds., thu leaving only 2 of the 10 seconds unaccounted 
for. 

A remarkably large gravity anomaly was observed at Hawksha.w, on 
D evonian intrusive granite. It seems hardly likely that the granite would cause 
the anomaly, and that it i more proba·bly due to some lighter material associated 
with the intruded mass. 

It is important to note, in ·connection ·with the present investigation, that 
both profiles of Figure 7 show large anomalies over exposed pre-Carboniferous 
formations. This is probaibly due to variation 0 1f density within the formations, 
and is in agr·eement with conclusions based on the known variation in rock 
densities. 

SUMMARY AND CONCLUSIONS 

(a) The gravity high outlined between Pollet t River and Bridgedale, in 
1943, was traced (See Figure 2) for another 20 miles along its· apparent con­
tinuation from Bridgediale, on Petitcodiac River, to the vicinity of Barachois on 
Northumberland Strait. Except for a smal,l gravity anomaly at Cape Bruin, on 
Northumberland Strait, and a small magnetic anomaly south of Shemogue, no 
other significant anomalies were observed in the Shedia.c ,basin apart from those 
on the immediate east bank of P etitcodiac River. 

(b) An area of about 8 square miles of low gravity was outlined by anomaly 
contoms (See Figure 3) from the results of numerous observations on both banks 
of Petitcodia1c River in the vicinity of Hinsborough. This area includes the site 
of the drill holes at the mouth o.f Weldon Creek, but lies1 about a mile south of 
the dril.l holes near Gautreau, in which more thap. 1,000 feet of salt was dis-

'McDiarmid, F. A.: Deflection of the Plumb Line in Canada; Geod. Surv., Canada, Pub. No. 36, 1931. 
•Alcock, F. J., and Miller, A.H.: Plumb-line Deflections and Gravity Anomalies in Gaspe Peninsula and Their Signifi­

cance; Trans. Roy. Soc., Canada, vol. XXVI, pp. 321-333 (1932). 
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covered. The cause of the gravity anomaly is pfOlbably salt and other light 
or even lighter Miss1issippian rocks associated with it. The gravity observations 
suggest the possibility of even greater thicknesses of salt to the south of the drill 
holes. 

(c) Several traverses with the gravimeter and one with the magnetometer 
across the Carboniferous basin of New Brunswick lend; support to the presumed 
existence of buried pre-Carboniferous ridges in the part of the basin south of 
Miramichi River. They also give definite indication of their location. It is 
possible, however, that the geophysical results could be interpreted in a number 
of other ways. In view of the fact that the existence of the ridges appears 
probable from results of drilling and from consideration of the geology, there is 
a reasonable prospect tha.t some of them may be indicated by the anomalies. 

A series of highs and lows was observed on the traverse between Chatham 
and Bathurst, but no very dose relations were observed with the results of that 
traverse and those of the traverse along the .coast from Chatham through 
Tracadie to Caraquet. 

(d) Regional traverses, with stations spaced at 8- to 10-mile intervals, 
across Nova Scotia,, New Brunswick, and Gaspe show large gravity anomalies 
over pre-Carboniferous formations. A very large negative anomaly was ob­
served over a Devonian granite intrusion at Hawkshaw. These results have a 
direct bearing on the invesitigation of buried ridges by geophysical methods, and 
at the same time indicate that caution must be exercised in the interpretation of 
the results of such surveys. 

A large gravity anomaly observed at Val Brillant a few miles south of Mont 
Joli offers a partial explanation for the large "defiexion of the vertical" at the 
latter place. 
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