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FIG. 4. Structures and relationships in the gabbros and cumulate ultramafics. (A) North of locality 30; (B) Point Rousse; (C) 
locality 30; (D) between localities 24 and 25; (E) southwest of Point Rousse; (F) locality 40. All sketches except D are oriented their 
present way up. Present way up is to the left in D. Original way up is the opposite to present way up in all cases. Black (in A), diabase 
dike; very heavy stipple (in C),  clinopyroxenite;  heavy stipple, mafic gabbro;  medium stipple, gabbro; light stipple, anorthositic 
gabbro; coarse stipple (in E), pegmatitic gabbro. Rocks in left half of F are clinopyroxenites and websterites. Discussion in text.
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layers have been remobilized and have intruded into the 
surrounding  layered  rocks.  At  least  one  has  been 
remobilized  after  it  was  cut  by  two  diabase  dikes 
occurring as disrupted segments in the clinopyroxenite.

The  diabase  dikes  that  cut  cumulate  and  deformed 
layered gabbros are most abundant near Point Rousse 
and between Big Head and Caribou Head. They never 
exceed 5% of the width of  the section in the layered 
gabbros  and always cut  the layering  at  a  high angle. 
Figure 5A shows a diabase dike that cuts thinly layered 
gabbros with gneissic foliation. The foliation is cut by a 
narrow pegmatite dike that is itself cut by the diabase 
dike. On the eastern side of Point Rousse at (Fig. 5C) 
and  50  m  north  (Fig.  5B)  of  loc.  30,  diabase  dikes 
cutting  gabbro  (layered  in  the  latter  case)  display 
partially detached flaps of host rock that have been bent 
into,  and across  (Fig.  5C)  the  diabase dikes.  Diabase 
dikes, near loc. 25 (Fig. 5D) show clear evidence of the 
fracturing of the gabbro that allowed their intrusion. The 
sections of layered gabbro west of Western Point, and 
west  of Devils  Cove, contain very few diabase dikes. 
The  sections  of  ultramafic  cumulates  contain  even 
fewer; the one seen in the section west of Deer Cove is 
believed to be a late alkalic dike. The late porphyritic 
dolerite dikes are known to cut the full thickness of the 
complex,  and  to  be  associated  with  non-porphyritic 
dikes.  Therefore,  it  cannot be established whether  the 
diabase dikes cutting the layered and cumulate gabbros 
are of the same age as the porphyritic dolerite dikes, the 
sheeted complex dikes,  or an intermediate age. In the 
two  sections  where  they  are  most  abundant  (Point 
Rousse and south of Caribou Head), they have the same 
orientation and appearance as the nearby sheeted dikes; 
if,  as  this  suggests,  they  are  of  the  same  age  as  the 
sheeted  complex  dikes,  their  apparent  increasing 
scarcity  downwards  from  the  cumulate  and  layered 
gabbros into the ultramafic cumulates implies that they 
are either fed from sills or that the apparent increasing 
scarcity  is  fortuitous.  The  dikes  have  chilled  margins 
and  consist  of  fine-grained  dolerite  but  no  sills  with 
fine-grained  dolerite  margins  have  been  seen  in  the 
layered  rocks  and  it  is  concluded  that  the  apparent 
increasing scarcity is fortuitous.

Orientation of Dikes
The sheeted dikes in thrust  sheet  2a (Fig.  3),  from 

Point  Rousse  to  Hammer  Cove,  and  in  sheet  2b  in 
Upper  Green  Cove,  strike  north-south  and  are 
subvertical  (Fig.  2).  Those  in  thrust  sheet  3  from 
Caribou  Head  to  Big  Head  strike  east-west  and  dip 
steeply north, orthogonal to those in thrust sheets

2a and 2b. The consistent orientation of the thick, late, 
porphyritic dolerite dikes in thrust sheets 2a, 2b, 3 and 
4 indicates that there has not been significant rotation 
about a vertical axis of the thrust sheets relative to one 
another, particularly since these dikes do not follow the 
older fracture sets parallel to the sheeted dikes. The two 
orthogonal  sheeted  dike  orientations,  combined  with 
the  porphyritic  dolerite  dike  orientation  that  bisects 
them, very closely confine the possible orientation of a 
rotation axis that will remove the inversion of the thrust 
sheets and restore the cumulate layers and bedding to 
the original horizontal, while leaving all three dike sets 
near vertical. It is perhaps not a coincidence that this 
axis is essentially horizontal and parallel to the strike of 
cumulate layering near Deer Cove and Point Rousse, 
and  to  the  strike  of  bedding  near  Big  Head.  This 
rotation,  when  performed,  leaves  the  porphyritic 
dolerite  dikes  striking  about  northwest-southeast;  the 
present  east-west  set  of  sheeted  dikes  become north-
south striking and conversely the presently north-south 
striking  set  become  east-west  striking.  The  two 
orthogonal sets of sheeted dikes thus restored are most 
easily  interpreted  as  being  from  two  episodes  of 
spreading with a radical change in spreading direction 
from the earlier to the later episode. We have not seen 
any evidence that shows one set to be older than the 
other. Alternatively, the orthogonality of diabase dikes 
of  the  sheeted  suite  cutting  layered  and  cumulate 
gabbros and the layering suggests that the Point Rousse 
and  Caribou  Head  sections  have  been  tectonically 
rotated  relative  to  one  another,  either  during  the 
thrusting  or  by  ocean-floor  faulting.  Therefore,  there 
may  have  been  only  one  original  orientation  set  of 
sheeted dikes; taking the set in thrust sheet 3 north of 
Big  Head as  anomalously rotated,  because two other 
thrust sheets (2a, 2b) both show the same orientation, 
then the original orientation of the sheeted dikes before 
regional deformation would have been east-west, at a 
high angle to the length of the Baie Verte Lineament 
(Fig. 1).

Anomalies in the Ophiolite Complex
The Mings Bight Ophiolite Complex is, in its large-

scale lithologic zonation and relationships,  apparently 
very  similar  to  other  well-preserved  ophiolite 
complexes.  However,  our  observations  on  other 
Newfoundland  ophiolite  complexes,  together  with 
generalized  descriptions  of  well-preserved  ophiolite 
complexes  elsewhere  (Wilson 1959;  Reinhardt  1969; 
Moores 1969; Davies 1971) indicate that two features 
of  the  Mings  Bight  Ophiolite  Complex  are  perhaps 
anomalous. One is
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FIG. 5. Relationships between gabbros and dikes. (A) Point Rousse; (B) north of loc. 30; (C) loc. 30; (D) between loc. 24 and 25. 
All sketches oriented their present way up. Original way up is opposite to present in all sketches. Solid black, diabase dike; heavy-
medium-light stipple, mafic-normal-anorthositic gabbro. P, gabbro pegmatite.

the occurrence of up to 5% width of diabase dikes, that 
seem to be of the sheeted suite, cutting layered and 
cumulate gabbro. The other is the fairly common 
occurrence of xenolithic relations in the layered 
gabbros and cumulate ultramafics, and, in

one place (Red Point) in undeformed but completely 
altered homogeneous ultramafic rock.

The geology of the layered and cumulate zone 
appears to have been rather complex even before 
pervasive mineralogical alteration and disruption
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TABLE 1. Minimum 'stratigraphic' thicknesses of the Mings Bight Ophiolite Complex and overlying sediments 
and volcanics

NOTE: Bracket indicates conformable sequence. Contacts of other units are mostly tectonic (see map, Fig. 2) for these sections, 
but intact contacts between all units except those between non-cumulative harzburgite and cumulate ultramafics, and between 
cumulate and homogeneous gabbros, are seen in one or more places. Spaces indicate places where tectonic excision is present.

by faulting. Because of this disruption we are unable to 
identify the cause(s) of the anomalous features. It has 
been suggested (Kidd 1974, 1977) that the rocks of the 
Baie Verte Group, to the west of the Mings Peninsula 
around Advocate Mine and south along the Baie Verte 
Lineament,  contain  evidence  of  an  oceanic  transform 
fault  -  fracture  zone  history,  in  particular  in  the 
occurrence  of  a  basal  fault-scarp  sedimentary 
megabreccia and in the nature of the deformation of the 
gabbroic lithologies comprising all the blocks in it. If 
this inference is correct, then the apparently anomalous 
features  can  be  explained  by  the  formation  of  the 
ophiolite  complex  exposed  around  Mings  Bight  near 
(within a few kilometres) an oceanic transform fault - 
fracture  zone.  Some  of  the  possible  complexities 
resulting from this proximity are discussed by Karson 
and Dewey (1978).

Summary and Conclusions

Ophiolite Complex
Although  the  Mings  Bight  Ophiolite  Complex  is 

dissected  by  thrusts  and  steep  faults,  the  original 
sequence of lithologic units can still be established, and 
the contact relationships of all the units,  except those 
between  non-cumulate  and  cumulate  ultramafics  and 
between layered and homogeneous gabbro, are exposed 
in  the  continuous  coastal  section.  The  reconstructed, 
minimum stratigraphic thicknesses are given in Table 1.

The section consists, at the base, of  1800 m of non-
cumulate,  residual,  tectonite  harzburgite  containing 
minor dunite layers. This must have formed a floor to 
the overlying cumulate rocks, and must be

a residue left by the extraction of a mafic partial melt 
that now constitutes the gabbros and basalts. Layered 
cumulate  ultramafic  rocks,  consisting  mainly  of 
clinopyroxenite  and  websterite,  with  subordinate 
gabbro,  dunite  and  harzburgite  succeed  the  non-
cumulate  harzburgites.  These  grade  up  into  layered, 
originally  cumulate  gabbros,  which  are  affected  in 
many  places  by  a  gneissic  mineral  foliation. 
Homogeneous,  somewhat  leucocratic  gabbro  overlies 
the layered, foliated gabbros; it  is locally cut by net-
vein breccias of trondhjemite that are also uncommonly 
found  in  the  lowest  part  of  the  succeeding  100% 
sheeted  diabase  dike  complex.  Parallel  diabase dikes 
cut  the  homogeneous  gabbro  and  some  cut  the 
trondhjemite; the dikes increase in abundance upward 
at  the  expense  of  the  gabbro  until  the  rock  consists 
entirely of parallel diabase dikes.  Pillow lava screens 
occur  above  at  least  350  m of  sheeted  dikes.  These 
increase  in  abundance  upward  at  the  expense  of  the 
dikes, so that, at the top of the ophiolite complex, the 
rock  consists  entirely  of  pillow  lava.  The  minimum 
reconstructed thickness of the complex from the base of 
the ultramafic cumulates to the top of the pillow lava is 
about 2500 m. A 1300 m thick section of coarse mafic 
volcaniclastic sediments and pillow lavas conformably 
overlies  the  ophiolite  complex;  this  was  probably  at 
least 2.5 km thick before deformation, and an original 
stratigraphic top to the section is not seen.

We  emphasize  the  occurrence  of  the  high-
temperature  mineral  foliation in  parts  of  the  layered, 
originally cumulate gabbros and, to an apparently lesser 
extent, in the ultramafic cumulates.
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The foliation is not ubiquitous and is zonal; there are 
rapid variations in its  intensity across the layering to 
which it is almost everywhere parallel.  This contrasts 
with  the  Bay  of  Islands  Complex,  where  (personal 
observations) a strong lineation dominates in the zonal 
high-temperature  deformation  of  the  cumulate 
ultramafics  and  lower  layered  gabbros.  The 
deformation is accompanied, in the harzburgites of the 
Mings Bight Complex, by a preferred orientation of the 
medium-  to  coarse-grained  olivine,  which  has 
undergone recrystallization and grain growth, implying 
low  applied  stresses.  The  cutting  of  foliated  layered 
gabbros by unfoliated gabbro, by a few diabase dikes of 
the  sheeted  suite  and by  the  late  porphyritic  dolerite 
dikes,  which also cut  the foliation in the harzburgite, 
shows that the mineral foliation was formed during the 
generation of the ophiolite complex. An explanation of 
the origin of the foliation has been suggested by Dewey 
and Kidd (1977). We suggest that the mostly moderate 
foliation  developed  in  the  Mings  Bight  Complex  as 
opposed to the strong lineation in the Bay of Islands 
Complex resulted from different spreading rates, higher 
in the case of the Bay of Islands. It may be possible to 
calibrate this proposed spreading rate indicator by work 
on  Mesozoic  and younger  ophiolites  and by  detailed 
seismic studies of present spreading ridges.

The occurrence of diabase dikes of the sheeted suite, 
and  fairly  common  xenolithic  relationships  in  the 
layered,  originally  cumulate  ultramafics  and  gabbros, 
are  apparently  anomalous.  We suggest  that  they  may 
indicate  that  the  ophiolite  complex  was  formed  near 
(but  not  in)  a  transform  fault-fracture  zone  in  the 
developing  oceanic  lithosphere.  The  late  porphyritic 
dolerite dikes, which cut the whole ophiolite complex, 
may  be  contemporary  with  the  upper  pillow  lavas 
(Barry-Cunningham Formation) because they feed thick 
sills within the latter; they clearly pre-date the regional 
deformation.  Karson  and  Dewey  (1978)  show  that 
plagioclase  porphyry  dikes  are  characteristically 
associated with a transform fault zone preserved in the 
Lewis Hills massif of the Bay of Islands Complex. It is 
possible that this is also the case for the dikes in the 
Mings Bight Complex.

The  relationships  between  sheeted  dikes  and 
homogeneous  gabbro,  and  sheeted  dikes  and  pillow 
lavas, show how these parts of the complex were built. 
That dikes become less abundant downwards into the 
homogeneous  gabbro  requires  that  gabbro  be 
progressively  plated  onto  a  roof  that,  at  the  exact 
spreading axis,  is the base of the 100% sheeted dike 
layer. The lower  levels  of  the  plated  gabbro,  formed 
further from the exact spreading axis, but

within the zone of dike injection, will then be cut by 
fewer  dikes  than  at  higher  levels  (Dewey  and  Kidd 
1977). The fact that dikes cut gabbro, not the reverse, 
and  that  no  xenoliths  of  sheeted  dikes  or  of  gabbro 
containing  diabase  dike  segments  are  seen  in  the 
layered  gabbros  supports  the  idea  that  gabbro  plates 
progressively onto the roof and also shows that blocks 
of the roof do not seem to be susceptible to falling into 
the magma chamber. The zones of  high dike density 
that  penetrate  further  than  normal  down  into  the 
homogeneous  gabbro  are  interpreted  as  temporarily 
preferred sites  of dike injection. As a result  of  these 
preferred  injection  sites,  the  form of  the  base  of  the 
100% dike unit is not planar but has an original relief of 
up  to  250  m.  The  rare,  diffuse  banding  seen  in  the 
homogeneous gabbro cut by dikes is  interpreted as a 
roof plating-banding. Small areas of trondhjemite net-
vein breccia that cut the homogeneous gabbro and some 
diabase dikes, but are cut by other diabase dikes, show 
that it formed in the zone of dike injection during the 
generation of the oceanic crust. These small volumes of 
trondhjemite  are  probably  derived  from  residual 
interstitial  liquid  formed  in  the  crystallization  of  the 
homogeneous roof gabbros. The contrast in grain size 
between the dikes and gabbro shows that the gabbro 
must be very rapidly cooled after plating; it has been 
suggested (Dewey and Kidd 1977) that hydrothermal 
circulation  in  the  dike  and  pillow  lava  roof  is 
responsible. The gradual upward increase of pillow lava 
screens between dikes shows that the pillow lavas also 
were  progressively  accumulated  in  the  zone  of  dike 
injection. The lowest lavas would have been formed at 
the exact spreading axis immediately above the top of 
the  100%  sheeted  dike  complex;  younger  lavas 
extruded away from the exact spreading axis will be cut 
by fewer dikes (Dewey and Kidd 1977).

Although the sheeted dikes are  readily  seen in the 
Big Head section, they are very difficult to detect  in 
Green Cove and near Devils Cove, even though these 
are clean, fully exposed coastal outcrop. This may be of 
significance  given  reports  that  some  ophiolite 
complexes contain large areas of homogeneous diabase 
but no sheeted dike complex (e.g. Davies 1971). If, in 
any ophiolite complex, diabase dikes are seen in pillow 
lava or in gabbro, we suggest that it is likely that 100% 
sheeted  dike  complex  was  once  present,  and  that 
apparently  homogeneous  diabase  is  very  likely  to 
consist of sheeted dikes that are difficult to discern.

Tectonic Setting
The  thick  volcaniclastic  sediment  and  pillow  lava 

sequence that lies conformably on the ophiolite
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complex is  difficult to  reconcile with  an origin  at  an 
oceanic  accreting  plate  boundary  like  those  of  the 
present-day  spreading  ridges.  Thin  pelagic  sediment 
sequences cover present-day oceanic crust, as they do 
some well-preserved ophiolite complexes (Moores and 
Vine 1971; Reinhardt 1969; Moores 1969). The Betts 
Cove Complex (Upadhyay  et al.  1971), however, does 
have  a  thick,  conformably  overlying  volcaniclastic 
sediment  and  intercalated  volcanic  sequence  very 
similar to that overlying the Mings Bight Complex. As 
with the Betts Cove Complex, we interpret this to mean 
that the Mings Bight Ophiolite Complex was generated 
as part of the floor to a marginal basin just to the rear, or 
within,  a  volcanic  island  arc  situated  above  a  major 
subduction  zone  (Bird  et  al.  1971;  Dewey  and  Bird 
1971; Kidd 1974, 1977). The sedimentary structures in 
the  coarse  volcaniclastic  sediments  of  the  Big  Head 
Formation indicate that transport was dominantly by a 
grain-flow mechanism, and that the section represents a 
deep water, base-of-slope environment. One of the clast 
types strongly suggests the presence of a nearby island 
arc, which would have been to the east because slump 
structures  show an  original  east  to  west  palaeoslope. 
The  coarseness  of  the  sediments  and  the  small 
proportion  of  argillaceous  sediment  show,  given 
present-day  slopes  and  sedimentation  patterns  at  the 
island-arc sides of  marginal basins  (e.g.  Karig 1971), 
that  this  section  is  unlikely  to  have  been  more  than 
about 30 km from the edge of the arc platform.

Because  the  Baie  Verte Group  in  the  Mings  Bight 
area (and elsewhere) has an overall synclinal structure, 
and because there is no evidence in the form of tectonic 
melanges,  it  does  not  appear  that  subduction  was 
involved in the Acadian deformation of this belt. Thus, 
the original width of the Baie Verte Lineament can be 
estimated  (Kidd  1977)  by  attempting  to  unstack  the 
thrusts  and  the  major  synclinal  fold.  Allowing  a 
generous estimate for the amplitudes of the fold and the 
thrust  displacements,  this  gives  an  original  width  of 
oceanic  crust  of  not  more  than  30-50  km.  This 
estimated width and the apparent length (100-200 km) 
of  the  basin  suggests  (Kidd  1977)  that  it  was  most 
comparable  in  type  and  scale  to  the  narrow 
discontinuous  basins  that  dissect  the  New  Hebrides 
island arc (Karig and Mammerickx 1972).

Regional Geology
Relationships exposed on the east side and south of 

Mings Bight show clearly that the regional deformation 
and  lowest  greenschist  facies  alteration  and 
metamorphism of the Baie Verte Group wholly

post-dates  that  of  the  polyphase-deformed  and 
metamorphosed  Fleur  de  Lys  schists.  The  overall 
structure of the Baie Verte Group in the Mings Bight 
area is a tight, moderately northwest-plunging syncline 
disrupted  by  similarly  dipping  thrusts  that  moved 
towards the southeast-eastsoutheast. A late high-strain 
zone  just  offshore  from  the  northwest  coast  of  the 
Mings  Peninsula  marks  the  eastern  edge  of  the 
oversteepened,  subvertical  belt  that  contains  most  of 
the rocks in the remainder of the Baie Verte Lineament 
to the west and south. Evidence seen south of Flatwater 
Pond  shows  (Kidd  1974,  1977)  that  the  regional 
deformation,  lowest  greenschist  facies  metamorphism 
and the thrust-disrupted synclinal form of the rocks in 
the lineament involve early Devonian rocks that overlie 
the Baie Verte Group with very slight (a few degrees) 
angular  unconformity.  The  deformation  is  therefore 
probably  Acadian.  The  late,  steep  faults  that 
consistently  downthrow to  the north  and west  in  the 
Mings Bight area can be matched south of  Flatwater 
Pond with late structures showing the same kinematics, 
which are  opposite  to those of  the main deformation 
and thrusting. These structures indicate a relaxation of 
the convergent motion and a 'fall-back' of the rocks into 
the steeply-dipping pinched zone from which they had 
just been expelled.

The evidence cited above that the Baie Verte Group 
was almost flat-lying, and was not at all penetratively 
deformed in the early Devonian suggests that it is very 
unlikely  to  be  regionally  allochthonous.  This 
suggestion  is  confirmed  by  the  presence,  south  of 
Flatwater  Pond,  of  conglomerate  clasts  in  sediments 
low in the Baie Verte Group stratigraphy (which also 
contain  slumps showing  an  east-to-west  palaeoslope) 
that  can  be  matched  with  rocks  now exposed  in  the 
terrain to  the east.  Some of  these quartzo-feldspathic 
clasts contain strong pre-depositional foliations (Kidd 
1974, 1977) and therefore show that the Fleur de Lys 
deformation  predated  development  of  the  Baie  Verte 
Lineament as a marginal basin.

Williams  (1977)  argues  that  the  Mings  Bight 
Ophiolite  Complex  and  the  more  disrupted  ophiolite 
complex rocks along the western side of the Baie Verte 
Lineament  were  obducted  at  the  same  time  as  the 
allochthonous  Bay of  Islands  Complex,  and that  this 
obduction  was  responsible  for  the  deformation  and 
metamorphism  of  the  Fleur  de  Lys Supergroup.  He 
avoids the evidence of the predepositionally deformed 
clasts  in  the  Baie  Verte Group  sediments  and  the 
evidence that the Baie Verte Group was flat-lying long 
after obduction by proposing that the rocks of the Baie 
Verte Group
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around  and  south  of  Flatwater  Pond  are  a  younger, 
separate  group  from  those  near  Mings  Bight  and 
Advocate Mine at the northern end of the Lineament, 
and by proposing abandonment of the term Baie Verte 
Group.  However,  a  rather  precise  stratigraphic 
correlation  can  be  made  between  the  sediments  and 
volcanics of  the Baie Verte Group south of Flatwater 
Pond  and  (data  from  J.  T.  Bursnall,  personal 
communication,  1900)  the  section  overlying  the 
Advocate  Mine  ophiolite  (location  on  Fig.  2). 
Furthermore, the sediments south of Flatwater Pond are 
also essentially identical in lithology and are affected by 
the  same,  single  Acadian  cleavage  as  these  rocks  at 
Advocate and those that conformably overlie the Mings 
Bight Ophiolite Complex.
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