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GEOLOGICAL INTERPRETATION OF THE 

BOUGUER ANOMAL Y FIELD OF NEWFOUNDLAND 

ABSTRACT: During the summer of 1964, a Dominion Observatory field party occupied about 1,200 regional 
gravity stations on the Island of Newfoundland. The results are presented here in the form of a Bouguer anomaly 
map, accompanicd by a geologica.I interpretation of the major features. 

The results reveal a major gravity gradient across a line that trends northeasterly over the southern part of 
the Great Northern Peninsula. This line may mark the boundary between the Grenville and Appalachian geological 
provinces. The anomalies north of this line average about 30 mgal less than the anomalies in the southern area. 
Seismic work suggests a thinner lower density crust in the north where the anomalies are negative, and a thicker 
higher density crust in the southern area where the anomalies are generally positive. Calculations show that the 
results are compatible with the gravity data if density variations in the upper mantle contribute to the gravity 
field. In neither area does there appear to be any dependence of Bouguer anomaly on elevation. 

A correlation of the local Bouguer anomalies with the surface geology suggests that granite is the prime cause 
of the negative anomalies of Newfoundland. The sediments, most of which are metamorphosed, appear to have 
very little effect on the gravity field. Most of the positive anomalies of Newfoundland correlate with large bodies 
of diorite or with gabbroic a.nd ultrabasic intrusions. It is suggested that many of the longer wavelength regional 
v:1riations in the gravity field are produced by changes in the crustal parameters at depth. 

RÉSUMÉ: Au cours de l'été 1964, une équipe de l'Observatoire fédéral a procédé à des levés grnvimétriques 
à quelque 1,200 endroits sur l'île de Terre-Neuve. L'auteur donne dans le présent rapport des résultats sous forme 
d'une carte des anomalies de Bouguer, avec interprétation géologique des principaux accidents. 

Les résultats indiquent un gradient gravimétrique d'importance en travers d'une ligne à direction nord-est 
dans la partie sud de la Grande péninsule du Nord. Cette ligne peut servir de limite entre les provinces géologiques 
de Grenville et des Appalaches. Les anomalies au nord de cette ligne sont, en moyenne, inférieures de 30 milligals 
à celles de la région sud. Les travaux séismiques indiquent que la ermite est plus mince et de plus faible densité au 
nord où les anomalies sont négatives, et qu'elle est plus épaisse et de plus forte densité au sud où les anomalies sont 
généralement positives. Les calculs montrent que les résultats concordent avec les données gravimétriques si les 
variations de densité dans le mateau supérieur influencent le champ de gravité. Dans aucune région les anomalies 
de Bouguer ne semblent dépendre de la hauteur. 

Une corrélation des anomalies de Bougucr locales avec la géologie de surface indique que le granite est la prin
cipale cause des anomalies négatives à Terre-Neuve. Les sédiments, dont la plupart est métamorphisée, semblent 
avoir peu d'effet sur le champ de gravité. La majeure partie des anomalies positives de Terre-Neuve correspondent 
à de grandes masses de diorite ou :L des intrusions gabbroïques et ultrahasiques. Il se peut que plusieurs des variations 
régionales à grande longueur d'onde dans le champ de gravité proviennent de rhangements en profondeur dans les 
paramètres de la croûte. 
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INTRODUCTION 

During the summer of 1964 a Dominion Observatory 
field party, consisting of 16 men, conducted a regional 
gravity survey of the entire Island of ewfoundland 
and of parts of Quebec and Labrador. This report 
con tains a Bouguer anomaly map of N ewfoundland 

' at a scale of 1 inch = 20 miles, and a discussion of the 
most significant gravity anomalies and their impli
cations. Bouguer anomaly maps at a scale of 1 :500,000 
with the individual station values shown will be pub
lished in the Gravity Map Series (Weaver, a, in press). 
Figure 1 is a general index map of the area covered by 
this report, showing the location of the various profiles 
that were studied in detail. AU previously a vailable 
geological and geophysical data are combined with 
the present work in arriving at the conclusions drawn 
in this report. 

Transportation for the survey was provided by two 
Bell 47O2 helicopters and a float-equipped De Havilland 
Beaver aircraft. The Beaver was used mainly to set 
out gas caches for the helicopters and simultaneously 
to establish a gravity control network. A Canso aircraft 
was chartered to establish very large gas caches such 
as at base camps and to transport men and camp 
equipment between main bases. Operations in New
foundland were carried out from a single base camp 
at the centrally located town of Buchans. In addition 
to the main camp, several fly camps were necessarv 
since the aircraft could not always return to the mai~ 
camp. The aircraft would remain for one or two nights 
at these camps which were normally at villages or 
towns where communication was readily available. 

In order to obtain preliminary Bouguer anomaly 
values, all the data were reduced by hand in the field 
as the survey progressed. This method enabled the 
crew to check several suspected reading errors by 
re-observing the stations. Also, whenever time permitted, 
more closely spaced stations were placed in areas 
containing interesting anomalies. 

REDUCTION OF DATA 

Gravity Observations 

Ail the connections between gravity control stations 
(except for a few of the excentre connections) were 
made by LaCoste and Romberg gravimeters, numbers 
G74 and 09. Most of the connections were made while 
establishing gas caches, and involved reading at one 
control station (A), flying to the second (B) and reading 
there, and then returning to read again at the first 
station (A), thereby forming an A-B-A connection. 
Many of the connections were initially single observa
tions at successive stations A-B, with one or more 
A-B or B-A ties added later. Regardless of how they 

are made, the connection are entered into the control 
sta~ion nctwork adjustment program as single tie . 
This type of network is po sible because of the very 
small drift of the LaCoste and Romberg gravimeter . 
Most of the residuals after a least squares adjustment 
of the ewfoundland control network were less than 
0.05 mgal. All excentres not connected with the LaCoste 
and Romberg gravimeters were established with Worden 
gravimeters using complete looping procedures ( ettle
ton, 1940). Nearly all the detail gravity stations at 
6- to 8-mile intervals were established with the W orden 
gravimeters. 

Errors in the observed gravity arise from four main 
~ources: a small uncertainty (about one part in 2,000) 
m the scale constant for converting gravimeter readings 
to milligals, small errors (less than ±0.1 mgal) in the 
gravity values at the control stations, errors involved 
in reading the gravimeter at each station (about 
± 0.05 mgal) and uncertainties caused by assuming 
that the drift of the gravimeter is linear between control 
stations. The last of these is difficult to estimate but 
rarely exceeds ± 0.1 mgal. It is difficult to estima te 
the overall error in the observed gravity values unless 
some stations are marked and reoccupied later at 
exactly the same spot, preferably using diff erent control 
stations and a different instrument. This bas been 
clone in another area by Tanner (1961), who concluded 
that the observed gravity values had a standard error 
of 0.2 mgal. The values in N ewfoundland are probably 
better because of more control stations, resulting in 
shorter time intervals over which the drift is calculated 
and a more accurate control network. 

Eleva tion Measuremen ts 

Most of the elevations for the gravity stations were 
computed from altimeter readings taken concurrently 
with each gravity observation. Two Wallace and 
Tiernan altimeters were carried in each aircraft and 
were read at each gravity station. In reducing the 
barometric data, corrections were made for temperature, 
humidity, and for changes in barometric pressure. 
The latter were obtained by observations at points of 
known elevation and by assuming that the atmospheric 
pressure varied linearly with time. A station of known 
elevation was normally occupied at least once every 
hour. 

Elevation control in N ewfoundland was provided by 
sea-level, bench marks, and barometric elevations 
supplied by the Surveys and Mapping Branch, Depart
ment of Energy, Mines and Resources, Ottawa. Sea
level observations along the coast of N ewfoundland 
were not corrected for tidal eff ects, because the maximum 
variation in water level is only about 6 feet. The majority 
of the bench marks used are accurate to ± 1 foot. 
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The elevations supplied by the Surveys and Mapping 
Branch are estimated to be accurate to ± 20 feet. 

The largest errors in the Bouguer anomalies are caused 
by errors in the elevations. Uncertainties in the known 
elevations, in the assumption of linear drift between 
known elevations especially during unsettled weather, 
and in the temperature and humidity corrections 
especially in rough topography, are the major factors 
contributing to the unreliability of the station eleva
tions. In addition, there is a small error of about ± 3 feet 
in the altimeter readings because of induced vibrations 
from the helicopter. 

One method of obtaining an estimate of the un
certainty in the elevations obtained barometrically 
is to calculate the dispersion of the diff erences obtained 
for measurements between points of known elevation. 
An analysis of 279 altimeter connections made to sea
level in N ewfoundland showed an r.m.s. difference of 
15 f eet, causing a corresponding error in the Bouguer 
anomalies of 0.9 mgal. 

Determination of Position 

Maps supplied by the Surveys and Mapping Branch, 
Department of Energy, Mines and Resources, Ottawa, 
at a scale of 1 :250,000 (approximately 4 miles to the 
inch) were available for the entire Island of N ewfound
land. The latitude and longitude of the gravity stations 
were scaled from these maps with an accuracy of 
± 0.1 minute. This causes a corresponding error in the 
Bouguer anomalies of ± 0.15 mgal. 

Calculation of the Bou~uer Anomalies 

The Bouguer anomalies were reduced using the 
conventional density of 2.67 g/cm3 for the crustal 
rocks, instead of 2.69 g/cm3, the average density of all 
rock samples collected during the survey. The use of 
the higher density of 2.69 g/cm3 in the reduction would 
alter the Bouguer anomalies by only 0.25 mgal per 
1,000 feet of elevation. Terrain corrections have not 
been applied to the gravity data. Terrain effects were 
minimized by careful choice of station location by the 
observers during the course of the survey (see Tanner 
and McConnell, 1964). It is estimated that 60 to 80 
per cent of the stations in N ewfoundland require a 
terrain correction of less than one milligal, and that 
95 per cent or more require a correction under 5 mgal. 

Summary of Errors 

A good estimate of the overall error in the Bouguer 
anomalies from these sources can be found from a 
study of repeat stations. On this survey 92 stations 
were repeated. Any station within 0.2 minute of latitude 
and 0.3 minute longitude of another was called a repeat 
in this analysis; however, most were actually cl oser 

than this. Since a repeat station was not read in exactly 
the same spot as the first station-the observer , in 
fact, were unaware that they were repeating a station
it would be expected that the elevation and the oh erved 
gra vity values of any set of repeats would not exactly 
coïncide. The Bouguer anomalies, however, should 
be the same, unless an extremely steep gradient were 
present in the area. Thus, repeat stations according 
to the above definition should give a good e timate 
of the overall errors in the Bouguer anomalies. The 
r .m.s. diff erence in Bouguer anomaly values between 
these repeat stations was only O. 7 mgal, indicating the 
general high quality of the data. However, the errors 
in the anomalies caused by the use of the conventional 
density of 2.67 g/cm3 in the Bouguer reduction, and 
by the omission of terrain corrections would not be 
evident from repeat stations. 

In summary it is believed that the error in the Bouguer 
anomaly values in N ewfoundland is generally less 
than two milligals. 

Principal Facts 
The principal facts for all the gravity stations used 

in this report and location sketches of the control 
stations are available upon request from the Gravity 
Division, Dominion Observatory, Ottawa, Canada. 

GENERAL DISCUSSION OF THE BOUGUER 
ANOMALY FIELD AND ISOSTASY 

As can be seen from the anomaly map (in pocket) 
the Bouguer anomaly field of N ewfoundland is extremely 
variable with areas of both large positive and large 
negative anomalies. Sorne of the anomalies are linear 
while others appear more circular in shape. The total 
range of the Bouguer anomalies in the map-area covered 
by this report is from - 58.9 mgal (north of Harrington 
Harbour) to +52.0 mgal (on Exploits Island). The 
total range of the elevations is from sea-level (along 
the coasts) to 2,469 feet (just south of the Bay of Islands). 

Table I gives some statistics for the gravity data. 

TABLE 1. AVERAGE ANOMALIES AND AVERAGE ELEVATIONS 

Average free-air 

For the Area 
For the Whole South of 

Map-Area Lat. 50° 
(1,444 Stations) (1,103 Stations) 

(Area S) 

anomaly (mgal) + 15 +23 

+ 5 
Average Bouguer 

anomaly (mgal) -2 
Average elevation 

(feet) 519 527 

For the Area 
North of 
Lat. 50° 

(341 Stations) 
(Area ) 

-11 

-28 

491 
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Major Gravity Gradient 

On in pection of the anomaly map it is seen that, in 
general, the Bouguer anomalies of ewfoundland are 
positive or near zero with the exception of the Great 

orthern Peninsula, which shows predominantly nega
tive anomalies. This change in anomaly level from 
positive to negative appears to be a major change 
because all of the Canadian Shield area north of the 
St. Lawrence River has generally negative anomalies 
(Weaver, b, in press), while the Appalachian areas of 

ew Brunswick, ova Scotia, and Prince Edward 
Island (Garland, 1953), along with Newfoundland south 
of latitude 50°, all have predominantly positive ano
malies. Also, it should be noted that the rocks forming 
the plu tonie core of the Great N orthern Peninsula are 
Grenville in age, similar to those of the Shield area 
to the north. Thus, it was believed reasonable to divide 
the data into two groups as shown in Table I. 

I t should be noted that the line across which the 
gradient occurs cuts the 50° latitude line at about a 
45° angle. However; for ease of averaging on the 
computer, the 50° latitude line was chosen. Thus, a 
few stations were averaged in the wrong group, but 
this would not significantly affect the results. For 
purposes of discussion, the area south of latitude 50°N 
is designated as "area S" while the area to the north 
is designated as "area N". 

The change in lev el of the average Bouguer anomal y 
cannot be readily explained on the basis of the surface 
densities. The average density of the rocks collected 
for the area south of latitude 50° (area S) is 2.69 g/cm3, 

while the average density of all the rocks collected 
on the remainder of the survey is also 2.69 g/cm3• 

The "remainder of the survey" includes the present 
map-area north of latitude 50° (area N) as well as 
the other parts of the Shield area to the north and 
west where the Bouguer anomalies are also all negative 
(Weaver, b, in press). It must be remembered, however, 
that this is based on relatively few samples, and that 
the rock types were not necessarily sampled in proportion 
to their occurrence. Moreover, the change in density 
required is extremely small. For a crustal thickness of 
about 35 km a change in the average density of less 
than 0.02 g/cm3 throughout the crust could cause the 
observed change in Bouguer anomaly level of about 
33 mgal. For complete density information see Table IV. 

Assuming that, for a large area, the effect of isostatic 
compensation is about equal to the attraction of the 
topography above sea-level, the difference in average 
elevation of these two areas of 36 feet (see Table I) 
corresponds to only about one milligal. Thus, the 
anomaly difference of 33 mgal does not correlate witb 
any major change in the surface elevation. 

. Since the anomaly change appear to be a major on , 
1t seems reasonable to sugge t that it reflect a major 
change in crustal structure, and may in fact mark the 
boundary between the Grenville and ppalachian 
provinces. This change could be a variation in average 
crustal density as mentioned above, or a variation in 
depth to an intermediate layer or to the Mohoroviëié 
discontinuity. It should be noted that a similar gradient 
occurs in the St. Anthony area at the northern tip 
of the Great orthern Peninsula. This may be the 
same gradient and the connection between the two 
may be offshore to the east where no measurements 
have yet been made. Thus, the Bouguer anomaly 
level east of the Great N orthern Peninsula and north 
of Notre Dame Bay is probably similar to that of 
area S. It should be noted that this gradient in the 
St. Anthony area appears to bear no relation to the 
ultrabasic bodies there. 

Isostasy 

As indicated above, the difference in Bouguer anomaly 
level between the two areas does not seem to correlate 
with any cha~ge in mean elevation. Likewise, the 
Bouguer anomalies within each area do not depend 
on the elevations in that area. In order to show this, 
each area was divided into units of one degree latitude 
by two degrees of longitude. This unit was used for 
convenience as the data output from the computer 
is listed according to these units. For each unit, the 
Bouguer anomalies for all stations with the elevations 
10 f eet and un der were listed and then the anomalies 
for the same number of stations with the highest 
elevations in that unit were listed. Finally, the two 
lists were averaged and the results are tabulated in 
Table II. 

TABLE II. AVERAGE BouGuER ANOMALIES AND AVERAGE 

ELEVATIONS FOR THE HIGHEST AND LOWEST STATIONS 

Number of 
Stations 

Average 
Elevation 

ft. 

Area south of latitude 50° (Area S) 

Average 
Bouguer 
Anomaly 

(mgal) 

Standard 
Deviation of 

Average 
Bouguer 
Anomaly 

(mgal) 

~~! 1 
9~~ l __ !_; _____ !_~--

A,ea n1î of latT 50°9!r N) 1 -22 
-20 

18 
18 

Thus, it is remarkable that within each area, even 
though the average elevation difference between the 
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highest and lowest stations is over 900 feet (equivalent 
t o over 30 mgal), the average Bouguer anomaly remains 
essentially the same. And yet between the two areas, 
the diff erence of nearly 30 mgal is evident for both 
the highest and lowest stations. 

If one expects a Bouguer anomaly of zero for sea
level stations which are perfectly isostatically com
pensated and an anomaly of - .034 mgal per foot for 
other stations which are perfectly compensated for 
elevation, then the following picture is evident from 
Table II : 

For area S, the sea-level stations are under
compensated by 7 milligals. As the Bouguer anomaly 
at the high elevations is also + 7 mgal, there is no 
compensation for the topography above sea-level. 
For area N, the sea-level stations are overcom
pensated by 22 mgal. Again, there is almost no 
change in Bouguer anomaly for the high elevations, 
and thus there is no change in compensation for 
these elevations. 

Comparing Tables I and II, - it is apparent that the 
average anomaly for each area when all the stations 
are included is more negative in each case than the 
values for the highest and lowest stations. Thus, the 
stations with intermediate elevations must show more 
negative anomalies than either the highest or lowest 
stations. The values would be +4 mgal for area S 
(for an average intermediate elevation of 572 feet), 
and -33 mgal for the northern area (for an average 
intermediate elevation of 504 feet). Thus with respect 
to the sea-level stations, there does appear to be a 
slight amount of compensation (more in the northern 
area) for the intermediate elevations but none for the 
highest elevations. 

Another method of treating the data is to consider 
all the data in each area at once. Referring to Table I, 
it is seen that for area S, the average elevation is 527 feet 
and the average Bouguer anomaly is +5 mgal. Thus, 
the area is undercompensated by 23 mgal on the average. 
For the northern area, the average elevation is 491 feet, 
and the average anomaly is -28 mgal. Thus, the 
area is overcompensated by 11 mgal, on the average. 
These can be seen directly from the free-air anomalies. 

Relation Between Bou11uer Anomalies and 
Seismic Resul ts 

Recent seismic work in the area (Ewing, Dainty, 
Blanchard, and Keen, 1966) indicates that a thick 
crust with an intermediate layer is present beneath 
the area where the Bouguer anomaly level is positive, 
while a thin crust without an intermediate layer is 

present in the northern area where the anomaly level 
is negative. Furthermore, in areas with a thick crust , 
there is a high-velocity crustal layer present above the 
intermediate layer, and the upper mantle velocity i 
also high. 

The seismic data show that the depth to the 
Mohorovicié discontinuity is about 45 km under the 
lower Gulf of St. Lawrence, and about 41 km near 
Cape Freels, east of otre Dame Bay, with upper 
mantle velocities of 8.5 and 8.7 km/ s respectively. 
Crustal thickness appears to be about 35 km near 
the eastern end of Anticosti Island, 30 km near the 
northern tip of the Great orthern Peninsula, about 
33 km off the west coast of N ewfoundland between 
the Port au Port Peninsula and Ferolle Point, and 
about 33 km off the east coast of ova Scotia, with 
upper mantle velocities between 8.0 and 8.1 km/ s in 
these areas. An intermediate layer with a velocity of 
7.4 to 7.5 km/s is present under the Gulf at a depth 
of about 28 km, and under Cape Freels at a depth of 
23 km. In addition, these two areas have a high
velocity major crustal layer (6.4 - 6. 7 km/s) above the 
intermediate layer. The velocity of the major crustal 
layer in the other areas is about 6.1 km/ s. 

The above results agree with the conclusions drawn 
by Pakiser and Steinhart (from Odishaw, 1964) from 
seismic work in the United States. They find that low 
mean crustal and upper mantle velocities favour a thin 
crust while high mean crustal and upper mantle veloc
ities favour a thick crust. They further state that if 
the density increases with seismic velocity, then the 
results are those expected for isostatic equilibrium. 
Thus, isostatic compensation is related to density 
variations in the crust and upper mantle as well as to 
changes in crustal thickness, and therefore any crustal 
studies by the analysis of gravity data is extremely 
complicated, and highly ambiguous. From gravity data 
alone if no other information is available, ail one can 
say about the crust is that any area of predominantly 
positive anomaly has more mass nearer the surface 
than an area of predominantly negative anomaly. But 
it is not possible to say anything about the actual 
crustal structure without other information. 

Woollard's (1964) velocity-density curves seem to 
indicate that the density of a given rock type always 
increases with seismic velocity but usually only a 
small amount. However, a different rock type with a 
much higher density may have similar velocity values . 
Table III shows typical examples, read from W ool
lard's graph. The seismic velocities found for the 
Appalachian area fall within the velocity ranges given 
in the table. 
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TABLE III. VARIATION OF DENSITY WITH SEISMIC VELO ITY 

(FROM W OOLLARD, 1964) 

Rock Type 

Granite 

Diorite 

Gahbro 

Pure dunite } continuous 

Pure dunite curve 

Approxima te 
Velocity Variation Density Variation 

(km/ s) (g/cm3) 

5 .8 - 6 .8 2 .65 - 2 .66 

5 .8 - 7.5 2 .76 - 2 .79 

7 .0 - 8 .0 2 .98 - 3 .00 

7.7 - 8 .0 3 .19 - 3 .28 

8.0 - 8 .7 3 .28 - 3.48 

As previously shown, the two areas of N ewfoundland, 
N and S, are out of isostatic equilibrium with respect 
to each other. The average elevation of the two areas 
is essentially the same while the average Bouguer 
anomaly is about 33 mgal more negative in the northern 
area. Also, as the seismic data shows, the cause is not 
a simple thinning or thickening of the crust between 
the two areas. Figure 2 shows a model for both areas 
based on the N ewfoundland seismic information, the 
measured surface densities, and W oollard's velocity
density curves. As will be demonstrated later, diorite 
in N ewfoundland seems to be associated very of ten 
with positive anomalies, and thus the evidence from 
the seismic and gravity data suggests that the high
velocity major crustal layer in area S is dioritic. The 
intermediate layer is assumed to be gabbroic. 

Considering each layer as a Bouguer slab, the attrac
tion of model S disregarding the material below 41.5 km 
is nearly 14 mgal greater than the attraction of model N 
to the same depth. The observed diff erence is about 

SOUTH AREA 

33 mgal, and thus the other 19 mgal must be d ue to the 
density variation in the upper mantle. This can be 
produced if the density of 3.3 g/cm:i for the upper 
mantle in model grades into a density of 3.5 g/cm3 

below the 41.5 km level. If the change were sharp , it 
would occur at a depth of about 43.5 km. 

T he gravitational attraction is very sensitive to 
changes in t hickness or density of any of the layers, 
or to a combination of t he t wo. Consider, for example, 
in model S, changing the thickness of the first layer to 
12 km, that of the second layer to 11 km, and that of 
the intermediate layer to 19 km, making the total 
crustal thickness 42 km, instead of 41.5 km. Also 
consider changing the crustal thickness in model N to 
30.5 km instead of 31 km. These slight changes are 
still within the limits of the accuracy of the seismic 
data. But now, the attraction of model S to 42 km 
depth is about 4 mgal less than that of model N to the 
same depth. Thus, in this case, all of the 33 mgal plus 
the deficient 4 mgal must be supplied by the upper 
mantle. This could be produced if the density of 
3.3 g/cm3 in model N changes to 3.5 g/cm3 at a depth of 
about 46 km. 

Thus, the variations in the gravity field must be 
caused partly by a greater average crustal density in 
areas with a thick crust and partly by a greater average 
upper mantle density in these areas. But, because the 
gravity field is affected so greatly by even small changes 
in any of the crustal parameters, one cannot say with 
any reliability how much the upper mantle actually 
contributes to the gravity field. More seismic data in 
N ewfoundland and in the Shield area might help to 
resolve the problem here. However, the simple model 
and the discussion have shown that the gravity and 
seismic results are compatible, provided the upper 
mantle contributes to the gravity field. 

NORTH AREA 

FIGURE 2. Crustal models. 
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Ewing et al. (1966) state that the thick crust may be 
associated with the areas deformed by the Taconic 
orogeny; the Gulf of St. Lawrence and Cape Freels 
are two such areas. The intermediate layer and the 
high velocity crustal layer above it may be associated 
with an intermixing of crust and mantle material. Basic 
and ultrabasic intrusions seem to be associated with the 
Taconic orogeny also and this again points to an up
welling of basic material. The east coast of Nova Scotia 
has a thin crust, but, although it is in the Appalachian 
province, it was not deformed during the Taconic 
orogeny. The west coast of N ewfoundland and the 
St. Anthony area, both of which have a thin crust, 
are at or near the major gravity gradient discussed 
previously, and thus may mark the edge of the Taconic 
zone and the beginning of the Grenville area. 

Another suggestion by Ewing et al. (1966) is that the 
thick crusts may be associated with sedimentary basins; 
the Gulf of St. Lawrence is a good example. The inter
mediate layer and the general apparent rise of basic 
material may compensate for the low-density sedi
ments. The gravity data tends to favour the first 
hypothesis as most areas aff ected by the Taconic 
orogeny have generally positive anomalies, whether 
or not they are sedimentary basin areas. 

The seismic results seem to indicate that the Appala
chian system does not die a way north of Notre Dame 
Bay. This lends support to the conclusion reached 
from the gravity data that the Bouguer anomaly level 
east of the Great N orthern Peninsula and north of 
Notre Dame Bay is similar to that of arca S (the main 
body of N ewfoundland sou th of latitude 50°). 

It is interesting to note that most of the land in the 
southern area where the Bouguer anomaly level is 
positive is rising, contrary to what one would expect 
from isostatic considerations. In Pleistocene times, 
evidence indicates that the whole island was glaciated, 
the last glaciation being of Wisconsin age. The present 
coastline of N ewfoundland is extremely rugged with 
very deep bays resembling fiords. Soundings made in 
the bays opening into Notre Dame Bay show that 
they are very deep, being of the order of 200 fathoms 
along their length and decreasing to less than 100 
fathoms as they empty into Notre Dame Bay. It 
appears that these bays are steep river valleys that 
were widened and deepened by glaciers and then 
submerged. Evidence indicates that the shorelines 
were submerged to a depth of around 800 feet along 
Notre Dame Bay after world-wide melting of glacial 
ice and the return of water to the oceans (Espenshade, 
1937). Along the south coast, only about 150 feet of 
submergence has taken place. Since then, the land has 
been rising slowly, as shown by raised beaches. In the 
Great N orthern Peninsula, raised beaches suggest a 

post-glacial recovery of about 250 feet. The otre Dame 
Bay area seems to have risen about 200 f eet. The 
south coast and the Bonavista Peninsula, however, 
appear to have risen only about 50 feet. These areas 
are still rising. However, the tide gauge at St. John' 
suggests a rate of sinking there at the present time of 
about 2 feet per century. A hinge line is believed to occur 
between the Avalon and Bonavista Peninsulas, passing 
through Trinity and Placentia Bays; (Jenness, 1963). 
Thus, there appears to be a general southeastward 
tilting of the island. 

I t is not clear why most of area S which is under
compensated is rising. N ormally, such areas are sinking 
while overcompensated areas are rising. 

Summary 

In summary, the foregoing discussion has indicated 
the following: 

( 1) There is a major change in anomal y lev el across 
a line trending northeasterly across the 50° latitude line, 
and apparently reappearing in the St. Anthony area, 
which may represent the boundary between the Appa
lachian and Grenville provinces. 

(2) There is little or no correlation between anomalies 
and elevations in the map-area. 

(3) The southern area (the main body of Newfound
land) is generally undercompensated and the northern 
area is generally overcompensated. 

( 4) Considering the recent seismic studies, the 
anomaly diff erence between the two areas is probably 
due to density variations within the crust and upper 
mantle and to variations in crustal thickness. The 
upwelling of basic material to the south may be 
associated with the Taconic orogeny. 

(5) Contrary to expectations, most of the land in the 
undercompensated southern area is rising. 

BRIEF DESCRIPTION OF THE BOUGUER 
ANOMALIES 

The remainder of this report is devoted to a discussion 
of the variations in the Bouguer anomalies in the 
map-area by correlation with surface geology and 
aeromagnetics, and by comparison with the anomalies 
of hypothetical earth models. All of the place names 
used below are shown on the index map (Figure 1), 
and many of them will be found on the Bouguer anomaly 
map (in pocket). 

A striking feature of the ewfoundland gravity 
field is the fairly steep gradient trending northeasterly 
across the 50° latitude line, which appears to mark a 
major change in the average Bouguer anomaly from 
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+5 mgal in the south to -28 mgal in the north. Thi 
has already been discussed in the previous section along 
with the isostatic considerations. A more detailed 
inspection of this gradient shows that it is off set to the 
sou th near the east coast of the Great N orthern 
Peninsula and then appears to extend out into White 
Bay. A gradient of about the same magnitude separates 
the positive anomaly in the St. Anthony area from the 
negative anomaly in the central part of the Great 
N orthern Peninsula. It is suggested that the same 
f eature causes both gradients, and that the connection 
between the two is just off the east coast where measure
ments have not yet been made. The maximum Bouguer 
anomaly in the St. Anthony high is +27.9 mgal and 
this value is nearest the ocean suggesting a more positive 
centre located offshore. The minimum anomaly for 
the Great Northern Peninsula Low of -57.6 mgal is 
centred near Ten Mile Lake. 

South of the Great N orthern Peninsula, the Bouguer 
anomaly field may be divided into five broad areas; 
the West Coast Low, the Central High, the Granite 
Lake Low, the Eastern High, and the St. John's Low. 
The West Coast Low is a long narrow band of negative 
anomalies ranging from O to - 30 mgal, and extending 
along the west coast from the Great N orthern Peninsula 
to the south coast. It may represent in part at least 
a broadened and modified extension of the major 
gradient previously discussed. Within this area of 
negative anomaly are two centres of positive anomaly
the Bay of Islands High with a peak anomaly of +30.8 
mgal at North Arm Mountain, and the Port au Port 
Peninsula High with a maximum value of + 19.7 mgal. 

The broad Central High encompasses a large area 
around Notre Dame Bay with a narrow extension that 
follows the Long Range Complex to the south coast. 
Within this broad Central High are many centres of 
high positive anomaly, the most positive being that 
immediately surrounding Notre Dame Bay itself where 
the value reaches + 52.0 mgal on Exploits Island, the 
highest anomaly in N ewfoundland. Due sou th of here 
near Mount Peyton is another centre with a peak 
anomaly of +39.4 mgal. Southwest of Mount Peyton, 
almost in the centre of N ewfoundland, is a small feature 
with a value of + 32.5 mgal, termed the Gulp Pond 
High. Between the Bay of Islands and White Bay, 
the Adies Pond High shows a maximum anomaly 
of +36.3 mgal. Two major centres of positive anomaly 
occur between Buchans and the south coast. They are 
the Buchans High and Cross Pond High and both 
attain maxima of over +40 mgal. 

The Granite Lake Low is a major feature of the 
central N ewfoundland gravity field. The most negative 
centre of this low, -41.8 mgal, is near Granite Lake. 
One arm of the low trends northeasterly towards 
Cape Freels. 

The Ea tern High compri e four area of po itive 
anomaly, Bonavi ta Bay, the Burin Penin ula, the 
Harbour Breton area and the Avalon Penin ula with 
the last three joined to Bonavista Bay through a narrow 
band of po itive anomaly trending north-south. The 
Bona vista Bay High shows the most intense anomaly 
with a maximum value of +38.1 mgal. The other 
three centres, Burin, Harbour Breton, and Avalon 
all have peak anomalies of over + 30 mgal. 

In the northeastern part of the Avalon Peninsula, 
the Bouguer anomalies become negative, with the 
minimum value being -17.7 mgal just southeast of 
St. John's. It appears that the centre of this St. John's 
Low may be offshore. 

In general, the trends of all the major anomalies of 
N ewfoundland are northeasterly. A close inspection 
of the map, however, will reveal that other trends are 
present. A northerly trend seems to separate the Adies 
Pond and Buchans Highs on the west from the Notre 
Dame Bay anomaly on the east. Furthermore, this 
trend is in line with the offset in the major gradient 
that separates the Great Northern Peninsula from the 
rest of N ewfoundland. The Burin Peninsula High also 
trends northerly and the narrow band of positive 
anomaly that connects it and the Avalon High to the 
Bonavista Bay anomaly also strikes northerly over 
most of its length. There appears to be a northeasterly 
trend separating the Avalon High and the St. John's 
Low. Elsewhere in the map-area, there are suggestions 
of more north and northwest trends. 

An interesting aspect of the gravity anomaly field is 
that major positive anomalies are associated with four 
of the larger bays of Newfoundland, namely, Notre 
Dame Bay, Bonavista Bay, Placentia Bay, and Fortune 
Bay. Also, as previously mentioned, the line across 
which a major gradient occurs trends into White Bay, 
and the dividing line between the St. John's Low and 
the Bonavista High appears to be in the middle of 
Trinity Bay. No obvious explanation is available for 
these associations. 

GENERAL GEOLOGICAL AND TECTONIC 
HISTORYOF NEWFOUNDLAND (WITH MENTION 

OF ADJACENT APPALACHIAN AREAS) 

The information for the generalized geological map 
(in pocket) was obtained mainly from the Geological 
Map of Newfoundland compiled by Baird (1954), and 
from various publications of the Geological Survey 
of Canada. The map is at a scale of 1 inch to 20 miles. 

The Precambrian rocks of the Grenville province 
were stabilized 800 - 1,100 million years ago, and 
constituted a craton during the development of the 
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Appalachian geosynclinal system. The oldest rocks of 
Newfoundland are the Precambrian gneisses of the 
Long Range Complex which form the core of the Great 
N orthern Peninsula. The gneiss is also intruded by 
Precambrian granite. The Precambrian rocks of the 
Fleur de Lys Group on the east side of White Bay are 
similar to those of the Great Northern Peninsula, but 
some were reworked during the Acadian orogeny. 

A second resistant block in N ewfoundland was the 
Avalon Peninsula where the Harbour Main Group of 
metamorphosed acid volcanic rocks have been intruded 
by the Holyrood granite batholith which has been 
dated as Grenville. The rocks of the Avalon Peninsula 
were refolded in the Acadian orogeny but not as exten
sively as those of central Newfoundland. 

The Long Range Complex is overlain to the west by 
gently folded Lower Palaeozoic sediments, mainly 
limestone and shale. These rocks do not appear to 
have been folded during either the Taconic or Acadian 
orogenies. 

The youngest rocks of N ewfoundland are the coarse 
feldspathic sandstones of the Barachois Group which 
are of Pennsylvanian age. These are located in the 
Carboniferous basin in southwestern N ewfoundland. 

According to Neale, Beland, Potter, and Poole (1961), 
work in Russia has shown that the history of geosyn
clinal regions appears to be characterized by three 
stages of development. They are: (1) an early phase 
of volcanic rocks and associated sediments; (2) a middle 
phase of greywacke, shale, and carbonate rocks, with 
granitic intrusions; and (3) a late phase of conglomerate, 
sandstone, shale, carbonate, evaporites and coal. The 
Appalachian geosynclinal development seems to follow 
this pattern. The Ordovician rocks of Newfoundland 
which were folded during the Taconic orogeny re
present the first phase. The Silurian and Devonian 
rocks of N ewfoundland which were folded and intruded 
by granites during the Acadian orogeny represent the 
second phase, and the Carboniferous rocks folded and 
faulted in late Palaeozoic time represent the third phase. 

The Taconic orogeny in middle to late Ordovician 
times seems to have affected most of the Eastern 
Townships of Quebec, the Gaspé Peninsula, New 
Brunswick, possibly Cape Breton Island, and all of 
central N ewfoundland from the west coast eastward to 
Fortune and Bonavista Bays. Areas apparently not 
aff ected by the Taconic orogeny include mainland 
Nova Scotia, southern N ewfoundland, and the Burin, 
Bonavista, and Avalon Peninsulas. Many ultrabasic 
intrusions are associated with the Taconic orogeny, 
but only a few very small granite batholiths of Ordo
vician age are known in the Canadian Appalachian area. 
Neale and Nash (1963) suggest that the granitic rocks 

of the Burlington Peninsula area of ewf oundland 
may be Ordovician. 

The Acadian orogeny in Devonian time probabl 
affected all parts of the Canadian Appalachian region 
except northern Gaspé and parts of the Eastern Town
ships of Quebec, the sedimentary and volcanic rocks of 
the Bay of Islands area on the west coast of ewf ound
land and those at the northern tip of the Great orthern 
Peninsula, and the Grenville core of rocks of the Great 
N orthern Peninsula. The evidence for the Acadian 
orogeny includes an angular unconformity between 
Carboniferous rocks and all older rocks and almost all 
granitic bodies except those of the Great N orthern 
Peninsula either eut Devonian rocks or have been 
actually dated as Devonian by K/ Ar dating. The 
Precambrian rocks of southeastern ... ewf oundland (Ava
lon and Burin Peninsulas) were also deformed during 
the Acadian orogeny. 

The Appalachian orogeny in late Palaeozoic times 
affected a fairly narrow area from the Bay of Fundy 
region northeasterly through Cape Breton Island and 
through the two Carbonif erous basins of N ewfoundland. 
Metamorphism and intrusion did not accompany the 
Appalachian orogeny. In the area around the Bay of 
Fundy and Prince Edward Island a cratonic cover of 
Upper Pennsylvanian strata overlies the rocks folded 
during the Appalachian orogeny. They consist of 
sandstone, conglomerate, and coal beds. The last 
movement along the major fault zone of N ewfoundland 
that extends from the southwestern coast in a north
easterly direction to Grand Lake and White Bay 
appears to be late Palaeozoic and may be due to the 
Appalachian orogeny. Other northeasterly trending 
faults in N ewfoundland may be of the same phase. 

Since the time of the Appalachian orogeny, the 
Island of N ewfoundland has been mostly above sea-level, 
and has been an area of erosion. 

INTERPRETATION OF THE BOUGUER 
ANOMAL Y FIELD OF NEWFOUNDLAND 

Any detailed geology required for the interpretations 
that follow is presented with the interpretations. 

Considering the anomaly map with regard to the 
geological map it is apparent that some of the anomalies 
show a good correlation with surface geology, while 
others show little or none at all. The Granite Lake Low 
appears to be associated with large granite masses and 
Ordovician sediments. The Bay of Islands High at 
North Arm and Table Mountain, and the Gulp Pond 
High, occur directly over known ultrabasic and gabbroic 
intrusions. The Mount Peyton High correlates exactly 
with the mapped diorite and hornblende granite. Th 
Cross Pond and Buchans Highs appear to be associated 
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with outcrops of gabbro and diorite. The most positive 
centre of the otre Dame Bay High occurs on E xploits 
Island, and diorite is found there. egative anomalies 
along the west coast appear to correlate with a sedi
mentary basin although, considering the densities of 
shale and limestone, it seems unlikely that the sediments 
in the Bay of Islands area can explain the en tire anomaly. 
The negative anomaly in the Great Northern Peninsula 
may be caused by Cambrian sediments and Precambrian 
granite. The Eastern High may be associated partly 
at least with Precambrian volcanics. No obvious corre
lation with geology exists for most of the other anomalies. 
N either is there any direct correlation between surface 
geology and the gradient across the line that trends 
northeasterly over the 50° latitude line. However, this 
gradient does occur near the place where Grenville 
gneisses are exposed. 

During the survey, it was not possible to make 
detailed gravity traverses across any of the anomalies 
shown on the map, except the Bay of Islands High at 
North Arm Mountain. Consequently, all of the gravity 
profiles which follow were prepared by using the Bouguer 
anomaly values of the stations located on the profile 
and by taking the values from contours which cross the 
profile. The surface expression of the models represents 
the geology from the general geological map. Aero
magnetic information is available in N ewfoundland 
for a 1-degree strip from 48 to 49° latitude and is 
published on maps at a scale of 1 inch to 1 mile. Because 
it is only used in a general way in this report, it was 
compiled into a map at a scale of 1 inch to 4 miles, using 
only the 500-gamma contours. Any aeromagnetic 
profiles shown with the gravity profiles that follow 
were obtained from the compiled map (which is not 
included in this report). The gravitational attractions 
of the mass distributions used were calculated by means 
of two computer programs, one for use with two
dimensional masses (Nagy, 1964) and one for right 
vertical circular cylinders (Nagy, 1965). A program 
for three-dimensional masses is also available but the 
regional spacing of the gravity stations and the lack 
of sufficient density data do not warrant its use here. 

Detennination of the Regional Gravity Field 

A Bouguer anomaly map will rarely show single 
anomalies that do not have superimposed on them the 
eff ects of smaller or larger disturbances. Such a map is 
very difficult to interpret unless one can somehow 
separate the near-surface features from the deeper 
ones. U sually this is done by choosing a regional or 
background anomaly with a gentle gradient and then 
subtracting this field from the original field to give a 
residual anomaly field, which consists of the local 
anomalies with fairly steep horizontal gradients. These 

are caused by near- urface ma di tribution, and often 
find direct correlation with the surface geology. The 
regional anomaly field consists of the longer wavelength 
anomalies with smaller horizontal gradients, and are 
of ten due to deeper sources such as changes in crustal 
t hickness or to deeper sect ions of the same anomalous 
masses that are producing the residual anomalies. 

Separation of the regional gravit y field from local 
eff ects is often difficult. One method is to assume that 
the average Bouguer anomaly for the whole area 
represents the background or regional anomaly. This 
method may be reasonable in certain areas but in 
general it seems more realistic to expect that the regional 
anomaly would also vary, since it may be disturbed 
by the deeper mass distributions. Another method 
commonly used is to dra w a smooth curve visually 
through a profile of the total field. This method may be 
reliable if the local anomalies are not too close together 
so that a true background anomaly may be distinguished 
between them. This method is extremely subjective, 
however, as several choices are usually possible for the 
smooth curve. Insp~ction of the Bouguer anomaly 
map and of the profiles which follow reveals that the 
gravitational field of N ewfoundland is highly disturbed 
and the horizontal gradients are very steep, so that 
drawing a smooth curve by eye is exceptionally difficult. 
Thus, a numerical method of smoothing was used, 
which was described by Holloway (1958), and first 
applied to gravity data in Wales by Griffiths and 
Gibb (1965). 

Since the purpose of smoothing is to attenuate the 
short wavelength anomalies without significantly aff
fecting the large wavelength anomalies, it is actually 
analogous to low-pass filtering of an electrical signal. 
The residual anomalies, which are obtained by sub
tracting the smoothed field from the total field, are 
equivalent to high-pass filtering. Various types of 
smoothing and filtering fonctions usually contain a 
series of weights which determine how much each 
observation contributes to the smoothed value. The 
normal smoothing fonction with weights made pro
portional to the ordinates of the normal probability 
curve and with the sum of the weights equal~to unity 
has the most desirable properties for smoothing gravity 
data. The average value of the smoothed data remains 
the same as the original, and no polarity reversais or 
phase shif ts occur in the smoothed values. The data 
may be smoothed any number of times by a smoothing 
fonct ion until the desired smoothing is obtained. 

The above method was applied to the present gravity 
data as follows. A 16-mile-square grid was placed over 
the Bouguer anomaly map of N ewfoundland, and thè 
gravity values were sampled at each of the grid points. 
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A smoothed value at any grid point is found by using 
the appropriate weights on the values at the surrounding 
grid points. This gives an approximation to the normal 
smoothing function in two dimensions. Figure 3 shows 
the weights to be applied to obtain a smoothed value. 
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FIGURE 3. Grid diagram with weights for smoothing data. 

According to the frequency response curve for a 
normal smoothing function, for a data interval of 
16 miles as chosen, the smoothing process should 
attenuate to under 25 per cent of their original value 
all features having a wavelength (in profiles) of 60 miles 
or less and it should retain at about 75 to 100 per cent 
of their value all features having a wavelength of 130 
miles or more. Most of the local f eatures of interest 
in the Newfoundland gravity field seem to have a 
wavelength of 60 miles or less and thus would be 
attenuated on the regional map. Features of wavelength 
more than 130 miles would tend to show up only on 
the regional map. The features with sizes in between 
these would show up partly on the regional map and 
partly on the residual map. In thèse cases, the regional 
variations may be due to deeper parts of the same 
masses that are causing the residual anomalies or they 
may be due to something entirely different, such as 
changes in the crust-mantle boundary. One must use 
other control data, particularly geological and seismic, 
to m.ake a decision in such cases. I t may be worth 
pointing out here that it is always impossible, no matter 
how many smoothing operations are performed, to say 
anything about the exact depth to the source of the 
anomalies on either the residual or regional maps. 

From the gravity data alone, it is only po ible to 
estimate the maximum depth to the top of the mass 
causing the anomaly. This maximum, of course, 
increases af ter each smoothing. But the exact depth 
to any body causing an anomaly depends on the density 
contrast and on the width and general shape of that 
body. 

In the profiles which follow, it will be seen that 
whenever the gravity field is not too disturbed, the 
regional curve by this numerical method of smoothing 
is nearly the same as the one that might be determined 
by drawing a smooth curve visually. In other profiles, 
this choice of a smooth curve by the latter method is 
so ambiguous as to be almost meaningless. For the 
grid size of 16 miles as chosen, the numerical method 
cannot be used reliably to find regional values within 
32 miles of the edges of the surveyed area. However, 
in the present case, it was applied to within 16 miles 
of the edges even though the outside row of data required 
was not available. However, the weights for the outside 
row are very small (see Figure 3) and thus the regional 
values dctermined without this row are probably 
still reasonably good, though not as reliable as the 
values found for points farther inland. To obtain the 
regional surface nearer the edges than 16 miles, the 
contours were projected visually. 

The regiqnal gravity field of N ewfoundland prepared 
by the above method is shown in Figure 4. This field 
was subtracted from the observed field along the profiles 
in order to give the residual anomaly values. However, 
separate residual anomaly curves are not included 
in this report. A complete interpretation requires an 
explanation for both the residual and regional anomaly 
fields. 

Density Information 

Du ring the survey, 114 rock sam ples were collected 
on the Island of Newfoundland. This is far fewer than 
had been planncd, but it is difficult to combine good 
sampling with the gravity observations and maintain 
the survey schedules. The average density of all the 
samples collected was 2.69 g/ cm3 with a standard 
deviation of 0.11. In addition, densities were obtained 
for some areas from samples collected by the Geological 
Survey of Canada. 

The samples were classified into various rock types, 
and Table IV gives the average density and standard 
deviation for each rock type. Rocks of which only one 
or two samples were collected, however, are not listed 
in the table. U nfortunately, some important rock types 
in N ewfoundland such as diorite and anorthosite were 
not sampled, and it is necessary to rely on samples 
collected in the Canadian Shield area north of the 
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St. Lawrence River for representative densities of these 
rocks. The values are given in the table. 

TABLE IV. DENSITY MEASUREMENTS 

Number Average Standard 
of Density Deviation 

Rock Type Samples (g/cm3) (g/cm3) 

S ediments and V olcanic Rocks 
Carboniferous sediments 

(from sou th western New-
foundland) . . .. . . . ... . ... . 8 2.64 0 .03 

Humber Arro Group 
(Ordovician clastic rocks 
with volcanics) from the 
St. Anthony area . ... . . ... 6 2.69 0 .03 

Siltstone } 4 2.69 0.11 
Greywacke Mainly 9 2 .69 0 .07 
Limestone Ordovician 4 2 .74 0.06 

M ewmorphic Rocks 

Quartzite l 12 2.67 0.09 
Slate 8 2 .69 0 .05 
Schist Mainly 8 2 .76 0.07 
Greenstone Ordovician 6 2.76 0.08 
Meta-argillite 4 2.77 0.08 
Gneiss (Precamhrian and 

Palaeozoic) 27 2 .69 0 .10 

Intrusive Rocks 
Granite (Precambrian and 

Devonian) . .. . . .. . ...... 28 2.61 0 .06 
Gabbro ..... . .. .. . ... . .... 16 2 .86 0 .07 
Ultrabasic rocks (serpenti-

nized) . . .. ...... . . . . .... 16 2.73 0 .09 
* Anorthosite . ....... . . .. . . . 15 2 .70 0.08 
*Diorite ... . . .. .. . ... . ..... 8 2.80 0 .13 
*Gabbro ..... . .. . . ... .. . . . . 20 2.86 0 .09 

* From Canadian Shield area. 

As Table IV shows, the density of gabbro was found 
to be 2.86 g/ cm3 both in N ewfoundland and in the 
Shield area. This value is a little lower than that often 
found for gabbro which is 2.90 to 2.95 g/cm3• 

Table IV shows that the average density of the 
ultra basic rocks (most of them from the North Arm 
Mountain intrusion) is 2.73 g/cm3• This is a very low 
value for ultrabasic rocks and is no doubt caused by the 
large degree of serpentinization in these rocks near 
the surface. The density must increase rapidly with 
depth, however, especially at the North Arm Mountain 
intrusion. Here, there is an extremely steep gravity 
gradient over the edge of the ultrabasic section and 
the maximum gravity anomaly occurs over the ultra
basic rocks. The change in density is no doubt grada
t ional but in the models which follow, it is approximated 
by discrete layers. The average maximum density of the 
ultrabasic rocks is assumed to be 3.10 g/cm3, although 
in local sections, they may be more dense. 

Because of the inadequate sampling of all the ariou 
rock types, it is not possible to show how mu h the 
densities vary systematically from place to place 
within a rock type. Thus, the mo t rea onable com
promise for interpretation is to accept the average 
densities listed above as representative of the variou 
rock types. 

The Gravity Profiles and Model Studies 

For the purposes of model studies the average den ity 
of all the rocks collected, 2.69 g/ cm3, was rounded off 
to 2.70 g/cm3

, and, based on the density information 
given in Table IV, the following density contrasts ,rnre 
used for the various rock types (Table V). 

TABLE V. DENSITY CoNTRASTS 

Rock Type 

Carbonif erous sedimen ts . . ... .. . . .. . . ...... . 
Precambrian, Cambrian, and Ordovician 

sediments and metasediments . . . .. ....... . 
Ordovician limestone ... . ... .. . . . . .. ... . ... . 
Ordovician volcanics (mainly altered to 

greenstone with some interlayered meta-
sediments) ... . . . .. . ... . ... . . ...... ... .. . 

Gneiss (Precambrian and Palaeozoic) .... . . . . . 
Granite (Precambrian and Devonian) .. . . ... . 
Anorthosite . . .. . ... . .. ....... .. .. .. . .... . . 
Diorite ... . .. . .. .... . ..... . .. .. ... . ...... . 
Gabbro .. ... . .. ...... . . ... . ... . . . ... . . . .. . 
Ultrabasic rocks (at surface and serpentinized) 
Ultrab8.8ic rocks (at depth) . . . ............. . 

Density 
Contrast (g/ cm 3) (cr) 

-0 .06 

0 .00 
+0 .04 

+0 .06 
0 .00 

-0.09 
0.00 

+0 .10 
+0 .16 
+0 .03 
+0 .40 

Granite, diorite, gabbro, and ultrabasic rocks thus 
control the major part of the gravity field of ewfound
land. The evidence from present sampling suggests 
that the sediments of N ewfoundland have little or no 
eff ect on the gravity field. 

All of the rock types shown a t the surface in the 
following models were obtained from the geological 
map. Certain rocks, such as granite, which normally 
influence the gravity field in other parts of ewfound
land, may be found to have little or no effect in a certain 
area. In this case, the rock is still shown in the model 
but as a very thin mass. An alternative explanation 
is that the density of the rock in that area is quite 
different from the average found for that rock type. 
But there is not sufficient density information to show 
whether or not this is true. 

The main purpose of the following models is to give 
an indication of the distribution of anomalous mass 
required to produce the gravity anomalies. However, 
the exact shape of the masses used, particularly the 
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hape of the bottom surfaces, should not be taken as 
ab olute. light density variations within the mass 
could give the same gravity effect as a change in shape 
of the bottom surface of a mass of uniform density. 
But the models can at least give a rough idea of the 
c!epth and extent of the various anomalous masses, 
based on all of the available information. 

The locations of all the profiles which follow are 
shown on the index map (Figure 1) and also on the 
Bouguer anomaly map. 

Profile AB, G11lp Pond Hiyh 

Figure 5 shows the Bouguer anomaly profile and the 
regional anomaly across the Gulp Pond High in central 
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model shows the density contrast varying from +0.03 
g/cm3 at the surface to +0.40 g/cm3 at depth. In 
other areas which are better mapped, such as the 
Bay of Islands (Smith, 1958), gabbro is underlain by 
ultrabasics and thus it is believed that the same situation 
probably exists at Gulp Pond. The final model illustrates 
that a gabbroic intrusion about 2.5 miles thick underlain 
bv nearly 3 miles of ultrabasics could produce the 
a~omaly. The boundary between the gabbro and the 
ultrabasic rocks at depth is very uncertain, and if more 
gabbro is used, the overall depth of the intrusion would 
be greater. 

The small negative anomaly to the east is probably 
caused by Devonian granite as shown in Figure 5. 

AEROMAGNETIC 
PROFILE 

Ordovician sediments, mainly slate, phyllite, and 
greywacke similar to the Gander Lake Group, overlie 
the granite in this area to the east, but their effect on the 
gravity field is negligible because their average density 
is close to 2. 70 g/ cm3• 

The regional anomaly curve shows a decrease of 
about 10 mgal from west to east across the anomalous 
f eature. This is probably caused by an increase in the 
thickness of granite to the east as the eastern arm of 
the Granite Lake Low is approached. 

Profile CD, Mount Peyton High 

Figure 6 shows the Bouguer anomaly profile and the 
regional anomaly across the Mount Peyton High south 

~ 4500 t 
~ 4000 
~ 

<l 3500 
(.!) 

·······························--·--···············• .................................................................. •················· 

... ········ .. 1 

>
__J 

<! 
~ 
0 
z 
<! 

0::: 
w 
:::> 
<..? 
:::> 
0 
m 

+ 30 

GR .4.VITY 
PROFILE 

( • -Colculoted Anomoly ) 

(I)+ 2 0 ANOMALY 
__J 

<! 
<..? 

__J 

__J 

~ 

+10 REGIONAL ANOMALY 

0 

-10 

56°00
1 w 

• 

MOUNT PEYTON 
HI G H 

o.---------:-:----:---:-----~-...--...m1111111111I11Jmmmmnrn 
Main/y 

4 
I 
1-- 1/) 4 

Cl) 8 ~ 
Q. - .:.:: w; 8 12 
0 16 

Granodiorite 
cr = 0 

19 20 30 40 50 
0 10 20 30 

~ Devonian Sediments 
L_-=:J cr = - • 0 4 

~ Ordovician Sediments 
~ cr = 0 

60 70 80 90 
0 50 

- Diorite cr=+•/O 

D Granite O-a-•09 

flGURE 6. Profile CD, Mount Peyton High. 

0 

54 30W 

[r) 

• 



THE BO G ER A OMAL Y FIELD OF EWFO rDLA rn 239 

of otre Dame Bay. The same diagram also shows 
the model constructed and the computed gravity 
values, taking the regional curve as the zero datum. 
The aeromagnetic data for the same profile are also 
given. 

Here, the maximum value of the observed gravity 
anomaly correlates exactly with the occurrence of 
diorite and granite, but the granite appears to have 
little effect on the anomaly and therefore must be 
very thin as shown. The aeromagnetic data along this 
profile show little change in value over the anomalous 
featurc. The final model shows a large block of diorite 
nearly 7 miles thick as a possible explanation of the 
anomaly. To the east, granitic rocks underlying the 
Ordovician sediments are believed to account for the 
negative anomaly. The boundary shown in the model 
between the sediments and the granite is somewhat 
arbitrary, but it is known that the sediments, part 
of the Gander Lake Group consisting of slate and 
metamorphosed greywacke, dip to the west, and may 
be up to 25,000 feet thick (Jenness, 1963). It is believed 
that these sediments contribute very little to the 
gravity field and they are considered to have a density 
contrast of zero in the model. 

The negative anomaly to the west of the Mount 
Peyton High correlates with exposed Devonian sand
stone and shale. This is one of the few occurrences of 
Dcvonian sediments in N ewfoundland, and the density 
contrast for them is not known. However, if similar 
in density to the Ordovician sediments, they could 
not account for the negative anomaly, and, in the 
interpretation, a block of granite below the sediments 
is assumed to be the major source of the anomaly. 
This is not believed to be unreasonable since grano
diorite occurs immediately to the west of the sediments 
and granite and gneiss occur to the south. On the other 
band, if the Devonian sediments are less dense than 
the Ordovician, a reasonable thickness of Devonian 
strata could explain the anomaly without the necessity 
of granite. 

The regional curve shows an increase of about 20 mgal 
from east to west along the profile. This whole area 
was aff ected by the Taconic orogeny and also is in the 
southern area where the average Bouguer anomaly 
is positive. Thus, on the basis of earlier discussions, 
it is expected that the crust would be thick and multi
layered, and thercfore the increase in the regional 
anomaly along this profile CD from east to west could 
very easily be explained by a thickening of the dioritic 
layer toward the surface to the west. The Mount Peyton 
High itself is merely one point where the diorite reaches 
the surface. Other exposures of diorite occur throughout 
this central region as well, and it is probable that the 
area was aff ected to a greater extent by the Taconic 

orogeny than the area to the east and outh where the 
surf ace material is mainly granite. 

Profile E fi' , Notre Dame B ay High 

Figure 7 shows the Bouguer and regional anomaly 
profiles across the Notre Dame Bay High, and the 
suggested interpretation. 

As ment ioned in the discussion of the last profile, 
diorite seems to occur frequently in the vicinity of 
Notre Dame Bay. In fact, diorite occurs on Exploits 
Island where the most positive centre of the Notre 
Dame Bay High occurs. Thus, diorite is believed to be 
reisponsible for the positive anomaly; in the model, 
a block of diorite extending from near surface to a 
depth of about 4 miles adequately explains the anomaly. 

The negative anomaly to the east may be explained 
by low density granite in the Cape Freels area. A thick
ness of about 2 miles is required. 

The regional anomaly curve across the whole profile 
remains above the average value of 5 milligals for 
N ewfoundland, and increases by about 20 mgal from 
east to wcst. As for the Mount Peyton profile to the 
south, this regional anomaly could be explained by a 
thickening upward of the diorite layer to the west. 
A thickening of this layer by about 3 miles is required 
to explain the regional variation. 

Profile GH, Adies Pond High, Buchans High and Granite 
Lake Low 

Figure 8 shows the Bouguer anomaly profile and the
regional anomaly across the Adies Pond High, the 
Buchans High, and the Granite Lake Low. The same 
diagram also shows the model constructed and the 
computed gravity values, taking the regional curve as 
the zero datum. Whatever aeromagnetic data are 
available along the profile are also plotted. 

The Adies Pond High occurs over an area of Pre
cambrian gneiss whose average density contrast with 
respect to 2. 70 g/ cm3 is taken as zero. Thus, there 
must be some denser material intruded into the gneiss 
to cause the anomaly. Based on the previous inter
pretations, one may assume that this is either diorite, 
gabbro, ultrabasic rocks, or a combination of these. 
Baird (1960) bas mapped dioritic and basic gneiss in a 
small area west of southern White Bay and the peak 
value of the Adies Pond High (which is off the profile 
shown) occurs directly over this material. Thus, it 
seems reasonable to suppose that a basic dioritic intru
sion is the cause of this anomaly. Its exact depth below 
the gneiss along the profile is uncertain but it must 
be fairly near surface. The top was placed at a depth 
of about O. 75 mile in the model. Also, gabbro is shown 
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to be associated with the diorite. This appears to be a 
distinct possibility as diorite and gabbro have been 
mapped as occurring together in various places in 
N ewfoundland, for example, near Buchans and sou th 
of Mount Peyton. In the present case, it is possible 
to explain the anomaly without the gabbro, but the 
central portion of the model would be extremely thick. 
A tabular block of diorite extending to a depth of 
4 miles with an underlying smaller block of gabbro 
about 2 miles thick, is one mass distribution that will 
explain the anomaly. 

Just south of the Adies Pond High, the profile crosses 
the Carbonif erous basin lying between Deer Lake 
and White Bay. As the sediments within this basin 
are similar to those occurring along the southwestern 
coast of N ewfoundland, the same density contrast is 
assumed. Their depth has been estimated to be about 
8,000 feet from geological evidence (N eale and Nash, 
1963). In the model, however, they are shown to reach 
a maximum depth of nearly 3 miles, but still they do 
not wholly explain the negative anomaly between 
the two large positive peaks on the profile. I t is probable, 
however, that low density evaporite deposits are present 
in the sediments in such quantity that the average 
density of the sedimcnts is lower than that assumed. 

South of these sediments, in the vicinity of Buchans, 
the profile crosses another major positive anomaly 

termed the Buchans High. In this area, diorite occurs 
at the surface together with a small amount of gabbro. 
Part of the area of positive anomaly is underlain by 
granite which must either be very dioritic in composition 
or else very thin as shown, since its gravity effect is 
negligible. If diorite alone is used to explain the anomaly 
as shown in the model, the mass must extend to a 
depth of about 8 miles. If gabbro is associated with the 
diorite, the body could be thinner. 

Finally, the profile crosses the Granite Lake Low in 
sou th-central N ewfoundland which correlates exactly 
with a major granite intrusive body. Immediately 
south of the Buchans High, the anomaly remains 
around the zero level over Ordovician volcanic rocks 
that apparently overlie the granite. These rocks, 
actually a mixture of volcanic material and sediments, 
are estimated to be about· 7,000 feet thick elsewhere 
although their exact thickness at this point is unknown. 
The only significant disturbance in the aeromagnetic 
field occurs over these volcanics, and is probably due 
to local concentrations of magnetite. The thickness of 
granite required to produce the Granite Lake Low is 
about 3 miles as shown by the upper layer of granite in 
Figure 8. 

At the northern end of the profile, another negative 
anomaly occurs, in this case over Ordovician sediments. 
The sediments are mainly limestone and dolomite of 
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the St. George Group and sandstone and volcanic 
rocks of the Humber Arm Group. Total thickness of 
the sediments is estimated to be less than 5,000 f eet 
in this area. But, because of the very small negative 
density contrast of the sandstone and the slightly 
positive contrast of the limestone, the sediments cannot 
explain the anomaly, and it is necessary to introduce 
a lower density material such as granite underlying 
the sediments. A thickness of about 3 miles is indicated. 
The presence of a major belt of Precambrian granite 
extending from the Great N orthern Peninsula sou th 
to at least the Stephenville area does not seem to be 
unreasonable. Granitic intrusions into the Precambrian 
gneiss are common on the west side of the Great 
N orthern Peninsula, and probably underlie some of the 
Cambrian and Ordovician sediments, as is suggested 
in this interpretation. Also, Precambrian granite occurs 
in the Indian Head Range near Stephen ville (Riley, 
1962; Leech, Lowdon, Stockwell and Wanless, 1963). 
Thus, it is possible that granite occurs below the sedi
ments all along the west coast to St. George's Bay. 
If this granite has a density similar to the average 
of the sampled granites, then it could easily explain 
at least part of the negative anomaly along the west 
coast. 

The regional anomal y along the profile G H varies from 
about - 30 mgal in the north to + 10 mgal at the mid
point to - 25 mgal in the southern area over the Granite 
Lake Low. Since the negative regional anomaly in 
the south correlates with the large granite batholith, 
it is probably caused by a deeper part of the intrusion. 
For model studies, if one takes the average anomaly 
of +5 mgal for Newfoundland as a zero datum and 
if the bottom surface of the granite producing the 
residual anomaly is taken as the top surface of the 
granite producing the regional anomaly, then an addi
tional 7 miles of granite is required. This is shown in 
Figure 8, and makes the total thickness of granite 
about 10 miles. However, there remains the possibility 
that at least part of this anomaly may be caused by a 
change in the crust at depth. If the dioritic layer or 
intermediate layer are much thinner here, the anomaly 
level would be reduced. Also, this area was apparently 
not affected very much, if at ail, by the Taconic orogeny. 
Thus, if the suggestion made earlier that the Taconic 
orogeny resulted in crustal thickening giving positive 
gravity anomalies is true, then this area of the Granite 
Lake Low may well have a thinner crust without a 
dioritic or intermediate layer. Conversely, the slightly 
positive central part of the regional anomaly along 
this profile GH, may be caused by a thickening of the 
dioritic layer, but could also be produced by a slight 
extension of the two near-surface diorite bodies postu
lated to explain the Adies Pond and Buchans Highs. 

The negative regional anomaly to the north i mo t 
probably caused by a change in crustal parameter 
at depth. The profile crosse the major gradient that 
has been discussed before, and the seismic re ult 
suggest that a tbin low density crust i pre ent to the 
north. Thus, it is suggested that this change in cru tal 
structure from a thick high density crust in the Appala
chian area to a thin low density crust in the Grenville 
area is the cause of this negative anomaly. It should 
be noted that it is possible that this crustal change 
causes at least part of the residual anomaly a well. 
In other words, it is not possible to say with any certainty 
how much of the observed anomaly is being produced 
by the crustal change and how much might be caused 
by a nearer surface mass distribution such as granite. 
More gravity data to the west in the Gulf of St. Lawrence 
would aid in determining a more reliable regional 
curve, and additional seismic data immediately north 
and south of the major gravity gradient would also 
help to solve the problem. 

Profile KL, Cross Pond High 

Figure 9 shows the Bouguer anomaly profile and the 
regional anomaly across the West Coast Low and the 
two peaks of the Cross Pond High. The same diagram 
also shows the model constructed and the computed 
gravity values. The aeromagnetic data along the 
profile are also shown. 

Gabbro occurs at the surface beneath the south
eastern positive peak of the Cross Pond High. This 
anomaly also corresponds to a large aeromagnetic 
anomaly of about 1,500 gammas and thus magnetite 
must be associated with the gabbro. Gabbro alone may 
be used to explain the anomaly, in which case it must 
extend to more than 10 miles in depth. However, 
if ultra basics are assumed to be associa ted with the 
gabbro here as they are in other areas of ewfoundland, 
the total depth of the gabbro-ultrabasic column will 
be less. In the model shown, the depth is about 5 miles. 
To the southeast, the anomaly has an extremely steep 
gradient as it rapidly becomes negative over the Granite 
Lake Low. At least 4 miles of granite are needed to 
produce the gradient. The two small bodies on either 
side of the gabbro-ultrabasic column in the model are 
Ordovician volcanics which occur at the surface, and so 
were included in the model, but they contribute very 
little to the gravity field. 

The other positive peak of the Cross Pond High 
correlates only with Palaeozoic gneiss which is as umed 
to have an average density contrast of zero. Thi 
anomaly is broader than the other one and al o the 
magnetic anomaly is less intense but broader than the 
other. This suggests that the anomaly is also producect 
by gabbro, but at a greater depth. The exact depth 
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is uncertain, but it is believed to be fairly near surface. 
The model shows one possible mass distribution of 
gabbro that might explain the anomaly. Again, ultra
basic rocks could be associated with the gabbro. 

The negative anomaly to the northwest of this can be 
explained at least partly by the Carbonif erous sediments. 
They have been estimated geologically to be about 
23,000 feet thick farther south (Baird and Coté, 1964), 
but are probably thinner here. With the density 
measured for these rocks, they cannot account for the 
en tire anomaly. The anorthosite body which occurs 

between the sedimentary basin and the gneiss is assumed 
to have a density contrast of zero and thus to contribute 
nothing to the gravity field. As stated earlier the density 
of 2. 70 g/ cm3 for anorthosite is based on the measure
ment of the density of 15 anorthosite samples from the 
Canadian Shield. The gravity profile itself, however, 
suggests that the anorthosite has no eff ect on the 
gravity field or if it has any at all, it must be a negative 
effect. As the sediments cannot explain the entire 
negative anomaly, it is assumed that a block of low.:. 
density granite underlies the sediments and anorthosite. 
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Another possibility is that the Carboniferous sedi
ments contain considerable quantities of evaporites 
so that their average density is lower than has been 
assumed. 

This profile also crosses the West Coast Low. The 
problem with this low has already been discussed for 
profile G H and will be discussed more fully for the 
next profile, the North Arm Mountain High at Bay 
of Islands. 

The regional anomaly variatioqs across this profile 
(KL) may be explained in the same way as those for 
profile GH. 

Profile I J, North A rm M ountain H igh at Bay of Islands 

Figure 10 shows the Bouguer anomaly profile across 
the North Arm Mountain High at Bay of Islands. 
Figure 10 (b) shows the regional anomaly determined by 
the numerical smoothing method, and Figure 10 (a) 
shows a smooth regional curve drawn visually. The 
same diagrams each show two models, the first assuming 
that the masses are two-dimensional as before, and the 
second being constructed from right vertical circular 
cylinders. 

The high occurs over the gabbro-ultrabasic intrusion 
at North Arm Mountain, with the maximum anomaly 
directly over the ultrabasic section. Thus, the serpentin
ization present at the surface must decrease rapidly 
with depth. The corresponding increase in density 
would be graduai, but in the model, this increase is 
approximated by discrete layers. The North Arm 
Mountain High is superimposed on an area of negative 
anomaly termed the West Coast Low. The cause of 
this low is a major problem and was discussed briefly in 
conjunction with profile GH, which crossed the low 
much farther north. The sediments in the Bay of 
Islands area consist of the Humber Arm Group of 
shale and sandstone with associated volcanics and the 
St. George-Table Head Group of Ordovician limestone 
and dolomite. These scdiments cannot be the source 
of the anomaly as the density contrast is near zero or 
slightly positive, and from geological evidence, their 
maximum thickness is less than 10,000 feet (Riley, 1962; 
Rodgers and Neale, 1963). Thus, it becomes necessary 
to suggest a large block of low-density material such as 
granite below the sediments or else a change in the 
state of the crust at depth. These possibilities were 
discussed before. 

It is particularly difficult here to separate the gravita
tional eff ects of near-surface sources such as granite 
from deep-seated eff ects due to possible changes in 
crustal layering. Since there are no more data to the 
west in the gulf, the numerical smoothing process is 
unreliable, and it is impossible to determine with 

certainty whether the low is a long wavelength or 
short wavelength feature. Two possibilities are pre ented. 
Figure lO(b) shows the case with the regional curve 
that was determined from the smoothing proce s. 
In this case, most of the negative anomaly shows up 
in the residual anomaly and is explained by granite. 
Figure 10 (a) shows the case with the regional anomaly 
determined by drawing a smooth curve visually. In this 
case, most of the negative anomaly shows up in the 
regional anomaly which would suggest that it was 
produced by deeper sources such as crustal changes. 
The truth is probably a combination of these two 
solutions. 

Whatever is the correct interpretation of the negative 
anomaly, the positive anomaly at North Arm Mountain 
is superimposed on it, and about 40 mgal must be 
explained. In both cases, the same distribution of 
material of positive density contrast will explain the 
positive anomaly. The exact thickness of gabbro over
lying the ultrabasics is not known but North Arm 
Mountain has the thickest gabbro section of any of the 
Bay of Islands plutons (Smith, 1958). In the two
dimensional model, about 0.75 mile of gabbro is used 
and the ultrabasic rocks extend to a depth of about 
2.5 miles. Since the shape of the anomaly is circular, 
a three-dimensional model was also constructed using 
right circular vertical cylinders. This model is shown 
below the two-dimensional model in the diagrams, 
and gives a similar result. In this case, about 1 mile of 
gabbro is used and the ultrabasic rocks extend to a 
depth of about 2.75 miles. The two-dimensional and 
cylindrical models essentially have the same form and 
thickness because the body is near-surface and relatively 
thin. 

This interpretation, assuming that the density 
contrast <1 = 0.40 g/cm3, provides an estimate of the 
maximum thickness of the ultrabasic body. Should the 
average density of the ultrabasic section be greater 
than 3.10 g/cm3, then a smaller thickness would explain 
the anomaly. However, it is believed that the average 
density chosen is reasonable although certain parts 
of the intrusion may be more dense. 

I t is interesting to note that the other ultrabasic 
intrusions in the Bay of Islands area do not show any 
appreciable anomaly. Table Mountain shows only 
about 10 mgal, while Lewis Hills and Blow-Me-Down 
Mountain show even less. Thus, these intrusions must 
be much thinner or more highly serpentinized than the 
North Arm Mountain mass. 

As previously mentioned, the total thickness of 
sediments in the Bay of Islands area is less than 10,000 
feet from geological evidence. Of these, the Humber 
Arm Group of Ordovician sandstone and shale with 
volcanic rocks in the upper sequence is less than 5,000 
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feet thick (Riley, 1962). This is the group into which 
the Bay of Islands ultrabasic bodies have been intruded. 
Rocks of the Humber Arm Group also occur at the 
northern end of the Great N orthern Peninsula. There 
are two hypotheses as to the origin of the Humber 
Arm rocks in both areas. The original hypothesis is that 
they were deposited in place as they are found, that is, 
that they are autochthonous. Rodgers and N eale (1963) 
have suggested, however, that they are allochthonous 
and form two large klippen. Fossils have shown that 
at least some of the rocks of the Humber Arm Group 
are contemporaneous with the underlying carbonate 
rocks, and not younger. Thus, Rodgers and Neale 
suggest that the first hypothesis requires invisible 
unconformities or rapid facies changes; on the other 
hand, the klippen theory involves complex structural 
relations. The klippen would have been formed to the 
east of the carbonate rocks and would have moved 
into their present position during Middle Ordovician 
times by first being squeezed up and out of their original 
basin and then sliding by gravity westward into the 
new basin. The intrusive bodies would also have formed 
to the east and must have been somehow freed from 
their roots to slide with the clastic rocks into their 
present position. Rocks somewhat similar to the Humber 
Arm Group occur to the east, in the Baie Verte area, 
along the east coast of Grand Lake, at the south end of 
Grand Lake, and near the southwestern tip of New
foundland. Also, remnants of such rocks occur in the 
granite area east of Grand Lake. Thus, it appears 
that a belt of rocks similar to those of the Humber 
Arm Group may have once extended from Baie Verte 
to the south coast. The klippen rocks would have 
had to slide westward some 25 to 40 miles. The clastic 
materials would probably be too weak to withstand 
any shearing forces and thus they must have moved as 
a landslide from a higher position by the force of 
gravity. The basin into which they moved would 
have new sediment arriving probably partly from the 
sliding material and thus it seems reasonable that the 
boundary between the autochthonous and allochthonous 
strata vrnuld be indistinguishable. 

The gravity data seem to partly support and partly 
refute the idea that the Humber Arm rocks form two 
klippen. As previously mentioned, none of the plutons 
in the St. Anthony area or in the Bay of Islands area 
show any appreciable effect on the gravity field except 
the one at North Arm Mountain. Thus, the other 
bodies must be highly serpentinized or extremely 
thin or both. The klippen theory requires that they be 
quite thin, and thus the gravity data tend to support 
this. The gravity data suggest, however, that the 
plutonic body at North Arm Mountain is between 
2 and 3 miles thick. While this is believed to be fairly 
thick for gravity sliding, it is still not as thick as similar 

intrusions in central .L T e,vfoundland-for example the 
Gulp Pond ultrabasic body wa e timated from the 
gravity data to be between 5 and 6 mile thick. 

Also, in order for gravity sliding over a di tance of 
25 to 40 miles to have occurred, there mu t have been 
a tremendous uplift in central or we t-central ~ T ew
foundland in Middle Ordovician times. This would no 
doubt have caused a major upwarping of mantle 
material as well and perhaps a mixing of cru tal and 
mantle material. The broad central gravity high could 
well be the result of that mixing. As suggested for an 
earlier profile, the positive regional anomaly in thi 
area could mean a thicker crust with thicker high 
density crustal la y ers. The diorite layer especially, 
if the high velocity crustal layer is actually dioritic 
as suggested, may be fairly near surface in this area, 
judging from the numerous surface occurrences of 
diorite. 

Thus, in general, the gravity data do not refute the 
klippen theory. I t is only the thickness indicated by 
the gravity data for the pluton at T orth Arm Mountain 
which casts some doubt. It is possible t.hat the ultra
basic mass at North Arm Mountai.n was intruded 
af ter the sliding of the clastic material while the other 
plutons farther south and those in the St. Anthony 
area are part of the klippen f eatures. 

It should be noted that it is not possible to determine 
from gravity data whether or not an intrusion such 
as the North Arm Mountain pluton has a root or 
feeder which extends to a great depth. Sincc the density 
of all the surrounding rocks is increasing with depth, the 
root will have a very small density contrast at depth. 
Also, feeders are normally considered to be rather 
small in cross-section and this again means that they 
would have a very small effect on the gravitational 
field. 

The Remaining Gravity Anomalies of 
Newf oundland 

Most of the other gravity anomalies of Tewfoundland 
do not correlate directly with the surface geology. 
However, models were constructed which could explain 
some of these anomalies. These models are not included 
in the report, but possible interpretations of the various 
anomalies are discussed in a general way below. 

Another positive residual anomaly occurs over 
Palaeozoic gneiss south of the Cross Pond High. It is 
similar in character to the Cross Pond High, and there
fore may be due to gabbro intruded into the gneis . A 
near-surface mass of gabbro about 4 miles thick will 
ex plain the anomaly. 

The West Coast Low in sou th western ewfoundland 
south of Stephenville is probably caused by the Carboni
f erous sediments. Profile KL crossed thi area, but at 
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it northern end. In the south, up to 23,000 feet of 
ediments have been suggested by Baird and Coté 

(1964), from geological evidence. This thickness, asum
ing a uniform density contrast of - 0.06 g/cm3 will 
not completely explain the anomaly. However, these 
ediments are known to contain considerable quantities 

of low-density coal and gypsum deposits, which would 
permit the use of a more negative density contrast. 

The positive anomaly on the Port au Port Peninsula 
is puzzling. The surface geology consists mainly of 
Ordovician limestone similar to that to the northeast, 
but less folded. The limestone (St. George and Table 
Head Groups) is thought to be less than 4,000 feet 
thick on most of the Port au Port Peninsula (Riley, 
1962). The positive anomaly on the southern half 
of the Port au Port Peninsula may be due in part at 
least to an increase in the amount of dolomite in the 
sediments. Most probably, however, there is a consider
able amount of basic material intruded into the under
lying Precambrian rocks. This area may be connected 
with the positive anomaly in northern Gaspé that 
has been shown to extend out into the Gulf of 
St. Lawrence (Goodacre, 1964). 

The Bonavista, Avalon, and Burin Highs are probably 
all associated at least in part with the edge of the 
Precambrian volcanic basement. The Harbour Breton 
High appears to be associated with Ordovician volcanic 
rocks. A fairly sharp gradient between low values 
and high values follows the contact of granite with 
volcanic rocks all the way from Bonavista Bay to 
Harbour Breton. However, these volcanic rocks probably 
have a density contrast of +0.06 g/cm3 or less and 
thus it appears that some other material is required 
to explain the local centres of positive anomaly. Other
wise, the volcanic rocks (mainly acid volcanics) must 
extend to depths of 10 to 15 miles. Geological evidence 
suggests that they are only about 15,000 to 20,000 f eet 
thick (Jenness, 1963), and are overlain by metamor
phosed Precambrian sediments on the Avalon Peninsula. 
These sediments are more than 20,000 feet thick in 
places (Jenness, 1963; Rose, 1952), and probably have 
a density similar to that of the metamorphosed Ordo
vician sediments, that is, about 2.70 g/cm3

• They may 
even have a density greater than this. 

The volcanic rocks, however, are probably largely 
responsible for the regional high in the Bona vista, 
Avalon, and Burin Peninsula areas. However, it is 
possible that these areas have a thicker higher density 
crust than the granitic area to the west. The mixing 
of crust and mantle material may have taken place 
during the Precambrian orogenies that were responsible 
for the volcanic rocks. If, however, the crust is actually 
thinner here, then the A ppalachians as a two-sided 
symmetrical system (Williams, 1964) is clearly indicated. 

The Precambrian area to either id of the Palaeozoic 
mobile belt would have a thin ru t. It would be ver 
worthwhile to have orne ei mie work done in the 
Bonavista, Avalon, and Burin Penin ula area . 

The positive anomaly centres probably occur where 
the sediments are thinnest and where basic material 
is associated with the underlying Precambrian basement. 
Gabbro is exposed on the Burin Peninsula near the 
maximum value of the Burin High and thus it is likely 
that this anomaly is caused by a gabbroic intrusion. 
The Holyrood granite batholith of Precambrian age 
(Leech et a!., 1963) occurs to the east of the centre 
of the Avalon High, and apparently has considerable 
amounts of associated diorite (H. Williams, personal 
communication). Thus, it is possible that diorite is 
responsible for the Avalon High. The Bonavista High 
is centered over the islands of Bonavista Bay, and no 
obvious explanation is available for it. Perhaps the 
sediments are thin in this area, and basic material is 
probably associated with the volcanics. The Harbour 
Breton High occurs over an area of Ordovician volcanic 
rocks, which must be more dense than those found 
elsewhere on N ewfoundland, or else basic intrusions 
must be present. 

Towards St. John's, the Bouguer anomalies become 
negative, and it appears that an even greater negative 
anomaly may lie off shore to the northeast. This may 
be due to an increase in the thickness of sediments 
which is masking the eff ect of the higher-density base
ment material, or it could be due to a greater thickness 
of lighter, unmetamorphosed sediments than elsewhere. 
Another possibility is that at least part of it may be 
due to a crustal change. If this is true, onewouldexpect 
to find a fairly thin low-density crust in the St. John's 
area. The lack of gravity stations offshore at the present 
time makes it impossible to determine whether or not 
this negative anomaly is a local feature. 

The Great N orthern Peninsula shows two large 
gravity anomalies, a large negative anomaly almost 
in the centre of the Peninsula (the Great N orthern 
Peninsula Low), and an intense positive anomaly in 
the St. Anthony area (the St. Anthony High). Both 
appear to be caused by two eff ects, a deep crustal 
change and a near-surface mass distribution. The 
crustal change has been discussed before, and, based 
on the seismic information, is believed to be a change 
from a thick high-density crust in the south to a thin 
lower density crust in the north. The change is believed 
to coïncide approximately with a major gravity gradient 
across a line that trends northeasterly over the southern 
part of the Great N orthern Peninsula and then seems 
to reappear in the St. Anthony area. This crustal 
change is believed to be responsible for the change· 
in average regional level of the Bouguer anomalies 



248 PUBLICATIONS OF THE DOMI ~IO~ OB ERVATORY 

from positive ( +5 mgal) in the southern area of Jew
foundland and in the St. Anthony area to negative 
( - 28 mgal) in the Grenville areas. Ho,vever, in the 
St. Anthony area, the anomaly rises above the regional 
high, and in the centre of the Great orthern Peninsula, 
it falls below the regional low. The remaining residual 
anomaly in each case is believed to be caused by near
surface mass distributions. The surface rocks in the 
St. Anthony area probably contribute very little to the 
gravity field as they are of the Humber Arm Group 
similar to those of the Bay of Islands area. Also, as 
discussed before, the ultrabasic bodies in the St. Anthony 
area contribute almost nothing to the gravity field. 
The positive anomaly at St. Anthony appears to be 
similar to any one of the positive centres of anomaly 
that occur in southern Newfoundland, e.g. the Adies 
Pond High. Thus, it is probably due to a dioritic or 
gabbroic intrusion below the sediments. 

The centre of the Great N orthern Peninsula Lo\Y 
occurs over Cambrian sediments but it is probable 
that they have only a small negative density contrast. 
Precambrian granite is intruded into the Precambrian 
gneiss in the area, however, and it is quite possible that 
Precambrian granite underlies the Cambrian sediments. 
In fact, as discussed before, a major belt of granite may 
exist beneath the sediments along the west coast. 
I t is possible to explain the residual anomaly of the 
Great N orthern Peninsula Lo,Y by means of granite 
of density contrast -0.09 g/cm3 extending to a depth 
of nearly 8 miles. 

The last anomaly to be discussed is the positive 
anomaly that extends from Notre Dame Bay and 
follows the Long Range Complex to the south coast of 
N ewfoundland. One possibility is that this whole 
area has a thick high-density crust giving rise to positive 
anomalies and that the Carboniferous sediments to 
the west and the granite to the east are producing the 
flanking negative anomalies. This was suggested before. 
Another possibility is that this southern area may have 
a fairly thin crust and that the positive anomaly over the 
Long Range Complex may be caused by a basement 
uplift east of the Long Range fault. More seismic 
information is clearly needed in all these areas in order 
to improve the interpretation. 

It is interesting to note that not many of the gravity 
anomalies of N ewfoundland correlate with the occurrence 
of major faults. Sorne do, however, and these are 
summarized now. In sou th western N ewfoundland, the 
Long Range fault separates the negative anomalies 
over the Carbonif erous basin from the positive anomalies 
over the Long Range Corn plex of Palaeozoic gneiss. 
In the Great N orthern Peninsula, it appears that the 
fault along the east coast may coïncide at least for a 
short distance with the major change in the average 

Bouguer anomaly. These two fault are part of the 
Cabot fault suggested by Wilson (1962). In the area 
from Bonavista Bay to Harbour Breton, numerou 
faults separate the Devonian granite on the we t from 
the Precambrian rocks of the Bonavista, Avalon, and 
Burin Peninsulas. I t will be recalled that the regional 
Bouguer anomaly value changes here from a negative 
value over the granite to a positive value in the ea t. 
Other faults in N ewfoundland do not eem to be 
important as far as the gravity data are concerned. 

Correlation with other Appalachian Areas 

The positive anomaly on the Port au Port Penin ula 
may be related to the Gaspé High which occurs oYer 
the Shickshock Mountains in northern Gaspé (Tanner 
and Uffen, 1960), and which has been shown to extend 
out into the Gulf of St. Lawrence (Goodacre, 1964). 
Tanner and Uffen interpret the anomaly in Gaspé 
as being produced by high-density basic rocks (density 
contrast + 0.30 g/cm3

) of the Shickshock series which 
have been elevated by a horst-like structure. These 
are shown as being at the surface in their models. Out 
in the Gulf, north of the Magdalen Islands, the gravity 
gradients are less steep, and the structure producing 
the positive anomaly could be as deep as 6 to 8 kilo
meters (Goodacre and Nyland, 1966). The seismic depth 
to basement in the area is 7.5 km, and Goodacre and 
Nyland show that a two-dimensional prism of rock of 
density contrast 0.30 g/ cm3 at a depth of 6.5 km can 
explain the positive anomaly. In N ewfoundland, the 
nature of the gravity field at the Port au Port Peninsula 
suggests that the maximum depth to the structure 
producing the anomaly is about the same order of 
magnitude. However, the depth is probably much 
shallower unless the structure is nearly a line source. 
One can easily construct a model at between 1 and 2 
kilometers depth that will explain the anomaly. Geolog
ical evidence suggests also _that the thickness of sedi
ments on the Port au Port Peninsula is of this order of 
magnitude. Thus, there could be a zone of basic material 
extending from Gaspé to the Port au Port Peninsula 
which is near surface at Gaspé, deepens out in the Gulf, 
and becomes near surface again at the Port au Port 
Peninsula before it apparently terminates. 

This line of positive anomaly appears to mark a 
major change in anomaly level as well. All of the 
Appalachian area to the south has predominantly 
positive anomalies (similar to ewfoundland south of 
latitude 50°) while Anticosti Island and the hield area 
to the north have predominantly negative anomalie . 
This was discussed earlier and the seismic data suggests 
a thick higher-density crust south of this line in the 
gulf and a thin lower-density crust to the north. Th u 
this line of positive anomaly together with the line 
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acro whi h the major gradient of .,,_ ewfoundland 
occurs may mark the boundary between the Grenville 
and ppalachian Provinces all the way from the Gaspé 
area to t. Anthony. At present, this correlation is 
jndefinite because of a lack of data between the area 
north of the Magdalen Islands and the Port au Port 
and Bay of Islands areas of l ewfoundland. However, 
further gravity work in. the Gulf of St. Lawrence should 
re olve thi uncertainty. 

The positive anomaly in the Highlands of north
western Cape Breton Island (Garland, 1953), may 
correlate with the positive anomaly over the Long 
Range Mountains in southwestern Newfoundland. 
The rock types in the two areas are not the same, 
however. The ewfoundland anomaly occurs over 
Palaeozoic gneiss while the Cape Breton anomaly is in an 
area mapped as Precambrian granite and Carboniferous 
sediments. If, however, the two positive anomalies 
are both being caused by a basement uplift or by a 
similar crustal structure, then the two anomalies may be 
correlated. Gravity data is required in the Cabot 
Strait between N ewfoundland and Cape Breton Island. 
The eastern coast of Cape Breton Island also contains 
intense positive anomalies, and these may be related 
to the positive anomalies of the Avalon-Burin Peninsula 
areas of N ewfoundland in as much as the rock types 
in both areas are Precambrian. 

The large negative anomaly in Nova Scotia in the 
vicinity of New Ross has been attributed to Devonian 
granite by Garland (1953). To explain the anomaly 
he postulated a layer of granite about 4 miles thick 
with a cylinder of granite extending to 18 miles depth 
in the vicinity of New Ross. This body of granite is 
similar to that which is producing the Granite Lake 
Low in N ewfoundland. 

The Magdalen Low which lies between Cape Breton 
Island and the Magdalen Islands has been attributed 
by Goodacre and Nyland (1966) to the presence of 
evaporites in the Carbonif erous sediments. The area 
is a sedimentary basin containing a great thickness of 
Carboniferous sediments, and the Magdalen Low 
probably correlates with the southern part of the 
West Coast Low of N ewfoundland. It was suggested 
earlier that this part of the West Coast Low was caused 
by Carbonif erous sediments and evaporites. 

It has been suggested (Black, 1964), that the Island 
of ewfoundland may have rotated counterclockwise 
with respect to the surrounding land areas. The present 
gravity data gives no direct evidence for this. If future 
work in the Gulf of St. Lawrence and in the Cabot 

trait shows that the correlations suggested above link 
up moothly, then it seems unlikely that any rotation 
could have occurred since Ordovician time. 

It i worthwhile to note that in the nit d ate , 
there is an abrupt gravity gradient eparating the 
positive Bouguer anomalies of the Piedmont Pro ince 
from the area of major negative anomalies northwe t 
of it (Lowry, 1964). This gradient forms a belt 30 to 
60 miles wide that extends the length of the Appalachian 
chain, from Gaspé to Alabama. This may well be the 
same gradient that occurs between Anticosti and Gaspé 
and between the Great orthern Peninsula and southern 

ewfoundland. Again, this supports the hypothesis 
that this is a major feature associated with the Appala
chian front. 

CONCLUSIONS 

In this report an interpretation has been offered for 
the major features of the Bouguer gravity anomaly 
field of N ewfoundland. Both the regional and local 
variations were explained wherever possible, and cor
relations with the gravity anomalies in the other parts 
of the Appalachian area were suggested. A brief summary 
of the results is given below. 

1. There is a major change in anomaly level across a 
line trending northeasterly over the southern end of the 
Great N orthern Peninsula of N ewfoundland. This 
line of gradient probably follows the east coast of the 
Great N orthern Peninsula and reappears in the 
St. Anthony area. A similar change in anomaly occurs 
across the line of positive anomaly that extends from 
the Gaspé Peninsula out into the Gulf of St. Lawrence. 
This significant change in the Bouguer anomaly level 
may mark the boundary of the Appalachian and 
Grenville Provinces all the way from Gaspé to 
St Anthony. 

2. Considering the recent seismic studies, the anomaly 
diff erence between the two areas is probably due to 
density variations within the crust and upper mantle 
as well as to variations in crustal thickness. The northern 
area of negative anomaly apparently has a thin low
density crust while the southern area of positive anomaly 
has a thick high-density crust. It is suggested that the 
high-velocity crustal layer above the intermediate 
layer in the southern area may be dioritic in composition. 
The mixing of crust and mantle material may have 
taken place during the Taconic orogeny. 

3. There is little or no dependence of Bouguer 
anomaly on elevation in the map-area. 

4. The southern area of Newfoundland is under
compensated by 23 mgal on the average and the northern 
area is overcompensated by 11 mgal. 

5. Contrary to expectations, the land in the under-· 
compensated southern section is still rising. 
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6. The regional variations in the anomaly field of 
N ewfoundland are generally attributed to variations in 
the thickness of the dioritic layer or of any of the crustal 
layers that may be present, or in the thickness of the 
crust itself. 

7. The sediments in Newfoundland, based on the 
presently available density information, do not appear 
to have much effect on the gravity field. 

8. The prominent negative anomaly in south-central 
Newfoundland, the Granite Lake Low, is attributed 
mainly to Devonian granite, but it is believed a crustal 
change may be present as well. 

9. The Great N orthern Peninsula Low is thought 
to be caused by Precambrian granite below the Cambrian 
sediments. In fact, there may be a major belt of 
Precambrian granite below the sediments along the 
west coast from the Great N orthern Peninsula to 
Stephenville, which may contribute to the negative 
gravity anomalies along the coast. It is not clear, how
ever, how much of this negative anomaly may be a 
regional variation produced by a crustal change at 
depth. 

10. The negative anomaly in southwestern New
foundland south of Stephenville is believed to be due 
to Carboniferous sediments which contain some 
evaporites and coal. 

11. Diorite is believed to be responsible for several 
positive centres of anomaly, namely the Mount Peyton 
High, the Notre Dame Bay High, the Adies Pond High, 
and the Buchans High. These are probably places 
where diorite from the major crustal layer above the 
intermediate layer is intruded through to the surface. 
Gabbro may also be associated with the diorite in 
places. 

12. Gabbroic and ultrabasic intrusions are believed 
to be responsible for the other positive anomalies of 
N ewfoundland, namely the Gulp Pond High, the 
North Arm Mountain High, and the Cross Pond High. 

13. The positive anomalies on the Avalon, Burin, 
and Bonavista Peninsulas do not correlate directly 
with the surface geology, but it is believed that they 
must be caused by dioritic or ultrabasic intru ion 
which do not corne to the surface. 

14. The gravity data indicate that the pluton at 
North Arm Mountain is between 2.5 and 3 miles thick. 
This casts some doubt as to whether it cuuld have 
moved as part of a klippen. However, the other ultra
basic plutons intruding the Humber Arm Group of 
rocks in the Bay of Islands area and those near the 
northern end of the Great N orthern Peninsula show 
little or no effect on the gravity field and therefore 
must be extremely thin. This is consistent with their 
being part of klippen f eatures. 

15. Much more geophysical work, both gravity and 
seismic, is needed in N ewfoundland and the surrounding 
waters to improve the interpretations offered here. 
In the light of this gravity interpretation, a re-exami
nation of the surface geology in the southern part of 
the Great N orthern Peninsula may also be worthwhile. 
In addition, much more density information is needed 
for the whole area. 
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