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Assisting com piler: Helen Neilson*, Ba thym etric Digita l Eleva tion Model

Ed ward  (N e d ) L. King and  N ad e r Mostaghim i*

S ca le 1: 40 000

De rive d  from  lim ite d  ge ophysic al trave rse  d ata with b road  
e xtrapolations b ase d  on topographic  c harac te r

Q ua terna ry Geology Offshore Ava lon Peninsula
Newfoundla nd a nd L a bra dor

S ea l Cove to Motion Ba y
Bear Cove Head to Brigus South

Sparse  spot b athym e try points and  inc om ple te  d atum  ad justm e nts re sult in 
topographic  arte fac ts in the  b athym e tric  d igital e le vation m od e l, e spe c ially in the  are as 

farthe r offshore . This inc lud e s appare nt orie ntations of fe ature s whic h are  inc orre c t.

L EGEND
POSTGLACIAL SEDIMENTS

LATE GLACIAL TO POSTGLACIAL

GLACIAL SEDIMENTS

BEDR OCK

QUATERNARY

PR E-Q UAT ER NAR Y

Post glac ial se d im e nts inc lud e  the  re worke d  c om pone nt of glac ial d e posits d e rive d  m ainly from  wave  
and  c urre nt ac tion d uring the  postglac ial m arine  transgre ssion. Loc ally still ac tive  whe re  suc h 
proc e sse s still pe rsist suc h as shallow wate r and  along hills and  e sc arpm e nts. It c om prise s m ainly 
sand  and  grave l lag d e posits ove rlying all the  old e r m ap units. The se  are  large ly unm appe d  b e c ause  
the y are  ge ne rally und e r 0.5 m  thic k, highly variab le  spatially, and  only prope rly re giste re d  on the  
sid e sc an sonogram s whic h c ove r only a sm all portion of the  m ap are a. The  b e st d ata c ontrol is from  
old  Canad ian Hyd rographic  Se rvic e  (CHS) fie ld  she e t “b ottom  q uality” d e signations d e rive d  from  
sm all grab  sam ple s or le ad  line s.

Till and  pro-glac ial m arine  se d im e nts d e posite d  with re tre at of the  glac ie r to land . Till has a strong 
ac oustic  sc atte ring affe c t ge ne rally re giste re d  as an ac oustic ally inc ohe re nt signature  

. This, and  d
Late -phase  glac ial proc e sse s appe ar to have  

c ontinue d  to d e posit in the  m arine  re alm  whe n the  ic e  m argin was ne ar the  pre se nt c oast or just 
b e yond  the  he ad land s. Thre e  pro-glac ial stratigraphic  units are  re c ognize d ; a poorly stratifie d  d e posit 
inte rpre te d  to b e  e ithe r an ic e b e rg turb ate  and /or transitional b e twe e n a till and  a wate r-lain 
glac im arine  m ud  (Gm ), an ove rlying partly  stratifie d  d e posit (Gm s) and  ove r this b ut re stric te d  to an 
isolate d  b asin, a we ll stratifie d  d e posit (Gws). Late  Ple istoc e ne  age  from  the  Late  W isc onsinan 
glac iation. Pe nd ing c ore  analysis from  all thre e  glac im arine  units. 

on ultra-high 
and  high re solution se ism ic  profile s surfic ial te xture  e posit m orphology, inc lud ing 
m oraine s, is the  b asis for id e ntific ation of the  till. 

Lower Paleozoic sediments and metasediments: slightly m e tam orphose d  
platform al se d im e nts; gre y shale s siltstone s d e posite d  in ope n and  re stric te d  
shallow m arine  c ond itions and  le ss c om m only te rre strial re d b e d s (sand stone s and  
siltstone s). High ac oustic  ve loc ity; b road ly fold e d  with ge ne ral N N E-SSW  strike  
tre nd s and  d ips und e r 2º. Like ly fault-b ound e d  against Late  Prote rozoic  roc ks. Like ly 
som e  Cam b rian b ound ing the  Prote rozoic  se d im e nts b ut m ainly Ord ovic ian with 
Silurian in the  e xtre m e  e ast. Appe ars in c ross-se c tions only.

Glacimarine Stratified Mud: Ac oustic ally we ll to we akly-stratifie d . Sim ilar to unit 
Gm  b ut with stratific ation. More  c ohe re nt b e d s arise  e ithe r b e c ause  the y have  b e e n 
sub je c t to le sse r ic e b e rg turb ation as the  ic e b e rg d raft population d im inishe d  or a 
m ore  proxim al point sourc e .

Glacimarine Mud: Ac oustic ally poorly to non-stratifie d , d rape d  in sm all b e d roc k and  
till-floore d  b asins and  valle ys and  in troughs b e twe e n m oraine s. Loc ally 
und iffe re ntiate d  from  Gm s whic h ge ne rally ove rlie s Gm  b ut oc c assionally  the y are  
inte rspe rse d . A silt-ric h m ud  with signific ant sand  and  grave l c om pone nt. An 
unc onform ab le  uppe r surfac e  is c om m on and  ge ne rally has a thin (c m  to d m ) sand  
lag and  le ss c om m only a grave l lag (PGsg). De posite d  b y proglac ial m e ltwate r 
plum e s in q uie sc e nt and  ope n m arine  c ond itions. 

Debrite: Ac oustic ally hom oge ne ous le nse /we d ge  c onform ab ly ove rlying unit Gm s. 
De b ris flow sc ar is not re c ognize d  b ut the  pare nt m ate rial is like ly glac ige nic  
originating from  the  ste e pe st (northwe st) b e d roc k topography-gove rne d  b asin flank. 
The  d e b ris flow e ve nt oc c urre d  pre vious to glac ie r re tre at to land  (c ove re d  b y unit 
Gm ws) so it oc c urre d  im m e d iate ly following ic e  re tre at from  the  b asin. Run-out was 
suffic ie nt to d rape  a m id -b asin hill. 

Thick Till: Diam ic t, ge ne rally with a surfic ial b ould e r c ob b le  or sand  and  grave l lag; 
Large ly in the  form  of b lanke t d e posits up to 10’s of m e tre s thic k; Loc ally with narrow 
sub -paralle l transve rse  ic e  re tre at m oraine s and  d rum lins in the  offshore . Poor 
re gistration of thin d e posits on the  se ism ic  profile s pre c lud e s pre c ise  d e line ation of 
its d istrib ution ve rsus the  thin till (GTtn). 

Thin Till and Isolated Bedrock hummocks: Till, as b e low b ut as a thin and  patc hy 
she e t ove rlying b e d roc k; Isolate d  b e d roc k outc rops c om m on. Sc oure d  and  pitte d  b y 
b oth re lic t and  m od e rn ic e b e rgs. 

Post-glacial to Recent Sand and Gravel: Not shown on map; Grave lly fac ie s 
e ithe r d ire c tly ove rlie s b e d roc k or c apping the  till, as a partially m od ifie d  lag. Loc ally 
c ontains b ould e rs, e spe c ially d e nse  ac ross m oraine s. Sand y fac ie s oc c urs as partial 
or full fill in loc al d e pre ssions suc h as re lic t ic e b e rg sc ours, or as a thin, c ontiguous 
d e posit with a re lative ly sm ooth surfac e  ove rlying the  glac im arine  units in loc al 
b asins. De rive d  m ainly from  washe d /m od ifie d  glac ige nic  d e posits d uring se a-le ve l 
rise . A b road  b ut thin b lanke t ove rlying the  till in d e e p wate r offshore  Cape  N e d d ic k 
m ay b e  m ore  glac ial-outwash-d e rive d .

Te rrac e d  d e poc e ntre s partly filling Bay Bulls, Cape  Broyle  Harb our, Calve rt Bay and  oute rm ost 
Aq ue forte  harb ours to and  b e yond  the  m ouths. Little  inte rnal se ism ic  c harac te r re solve d . The se  
re m ain und ate d  so it is not c le ar if the y are  e arlie st Holoc e ne  or late st Late  W isc onsinan age . 

Gm

Gm s

Low-stand complex: Inc ohe re nt, hom oge ne ous or possib ly prograd ing inte rnal 
se ism ic  c harac te r. Oc c urs as te rrac e d  d e posit in se le c t harb ours and  harb our 
m ouths with slightly inc line d  top at 30 to 40m  wate r d e pth (se award  d ipping) and  a 
ste e p, we ll-d e fine d  se award  slipfac e /fore se t (up to 10º) re ac hing to ove r 80 m  wate r 
d e pth. Possib ly with fore se t b e d s b ut also as we akly stratifie d  b asin fill. Toppe d  with 
sand  and  grave l. Loc ally worke d  into b e d form s. De posit volum e  and  se tting 
sugge sts ac c om m od ation spac e  was gove rne d  b y low-stand  (wave -b ase  influe nc e ) 
d uring signific ant se d im e nt input, e ithe r from  land -b ase d  glac ie r re m nants or c oastal 
e rosion of glac ige nic  m ate rials following m arine  e xposure  and  transgre ssion. 

Gls

Glacimarine Well Stratified Mud:  W e ll stratifie d  se ism ic  c harac te r. Ove rlie s e arlie r 
b ut le ss we ll stratifie d  glac im arine  m ud s. Mappe d  only in b asin outsid e  Cape  Broyle  
Harb our b ut m ud  sam ple s in isolate d  he ad land -siturate d  b asins m ay b e  e q uivale nts. 
Late  stage  loc alize d  plum e  d e posit from  m arine -b ase d  ic e  e m anating from  Cape  
Broyle  Harb our.

Gm ws

GT tk

GT tn

lPbrk

Late Proterozoic metasediments: Late  Prote rozoic  (Pre Cam b rian) b e d roc k. 
U nsam ple d  offshore ; He ad land -situate d  m e tase d im e ntary roc ks inc lud ing m ainly 
sand stone s and  shale s and  m inor c onglom e rate s and  tuffs (highe st gre e nshist 
fac ie s) of the  St. John's Group (Re ne ws He ad , Fe rm e use  and  Tre passy Form ations) 
south of Mob ile  Bay and  ove rlying Signal Hill Group (Quid i V id i and  Gib b e tt Hill 
Form ations) north of Mob ile  Bay. Fold s in the  land  roc ks are  m uc h tighte r than in the  
Lowe r Pale ozoic  se d im e nts farthe r offshore  and  d ips are  loc ally ve ry ste e p, with 
ove r-turne d  b e d s loc ally (too e xtre m e  to id e ntify ac oustic ally). Loc ally c ove re d  with 
patc hy, unm appe d  oc c urre nc e s of m ost Quate rnary m ap units.

PCbrk

PGsg

GD

lPbrk

Late Proterozoic metasediments: Late  Prote rozoic  (Pre Cam b rian) b e d roc k. 
U nsam ple d  offshore ; He ad land -situate d  m e tase d im e ntary roc ks inc lud ing m ainly 
sand stone s and  shale s and  m inor c onglom e rate s and  tuffs (highe st gre e nshist 
fac ie s) of the  St. John's Group (Re ne ws He ad , Fe rm e use  and  Tre passy Form ations) 
south of Mob ile  Bay and  ove rlying Signal Hill Group (Quid i V id i and  Gib b e tt Hill 
Form ations) north of Mob ile  Bay. Fold s in the  land  roc ks are  m uc h tighte r than in the  
Lowe r Pale ozoic  se d im e nts farthe r offshore  and  d ips are  loc ally ve ry ste e p, with 
ove r-turne d  b e d s loc ally (too e xtre m e  to id e ntify ac oustic ally). Loc ally c ove re d  with 
patc hy, unm appe d  oc c urre nc e s of m ost Quate rnary m ap units.

PCbrk

PGsg

GDGD
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Slide Scar: Infe rre d  from  d e b ris flow d e posit in ad jac e nt b asin. Failure  of 
glacige nic  se d im e nt im m e d iate ly following glac ie r re tre at.

SURFICIAL FEATURES
Trawl marks: paralle l se ts of line ations in the  se ab e d  c re ate d  from  the  
d isturb anc e  of se d im e nts b y otte rb oard s or sc allop d re d ge s d uring b ottom  
trawling. 

??

Bedrock Outcrop: Isolate d  outc rop with m inor cove r of grave l, sand  and /or 
b ould e rs. De pic te d  only along surve y trac ks with sid e sc an sonogram  c ove rage .;

Megaripples / small sub-aqueous dunes: Fie ld  of flow- transve rse  d isc re te  
b e d form s c om pose d  of m e d ium  to coarse  sand  e xhib iting a sim ple  ripple -like  
profile  and  m od e rate  c ohe re nc e  in cre st spac ing (ge ne rally 5 to 40 m ); c re stline  
orie ntation not shown). Ge ne rally asym m e tric in profile  and  with slightly sinuous, 
se m i-paralle l c re stline s or m ore  rare ly 3-D or highly sinuous c re stline s. 
Com m only ve ry thin sand  on a grave l lag. Am plitud e s unm e asure d  b ut m ay b e  up 
to se ve ral d e c im e tre s. Ind ic ate  pe riod ic  sand  m ob ility or d isturb anc e . 

%

Sandwaves / large sub-aqueous dunes: Fie ld  of com posite  flow transve rse  
c onstructive  b e d  fe ature  of m e d ium  to fine  sand  with c oarse  sand  or grave l in the  
troughs, ne arly sym m e tric  in profile  and  with slightly sinuous, se m i-paralle l 
c re stline s. Am plitud e s up to se ve ral d e cim e tre s. Ind ic ate  pe riod ic  sand  
m ob ility/d isturb anc e  b ut d ire ction or ne t flux unc e rtain. 

#

9

Seabed Texture from sidescan backscatter signature
Sand  d om inant 
Grave l d om inant

Long axis paralle ls d ire c tion of glac ie r flow, ge ne rally 
e astward  and  orthagonal to transve rse  m oraine s. 
Orie ntations and  e xte nts are  infe rre d  from  sid e sc an 
sonogram s and  a b athym e tric  spot-d e pth grid  too sparse  to 
allow pre c ise  d e finition.

Outline
approxim ate
Orie ntation
approxim ate
Orie ntation
unm e asure d

Drumlin: Till-c ore d , stre am line d  hill he avily arm oure d  with grave l and  c ob b le . 

I

Drumlin Field: Approxim ate  lim it of d rum lin fie ld  as infe rre d  from  roughne ss in 
d igital e le vation m od e l

Boulder Field: Bould e rs large  e nough to c ast ac oustic  shad ow on sid e scan 
sonogram  (ove r 70 c m ).

Geologic Contact:
De fine d
Infe rre d
Be d roc k Contact (sub -crop) se e  Stratigraphic  c olum n; Prote rozoic 
m e tase d im e nts to we st, Lowe r Pale ozoic  silic ic lastic  se d im e nts to e ast

(e arly post-glacial) sc ours with partial sand  infill 
from  c urre nt re working and  low-stand  sub -littoral 
d e position, m anife st as a sub d ue d  c haracte r 
ve rsus m ore  m od e rn (post-low-stand ) “fre sh-
looking” fe ature s with sharp b e rm s. The  latte r 
oc c ur pre fe re ntially in the  shallowe r are as. 
Though the  till is ge ne rally ic e b e rg-sc oure d , som e  
of the  glac im arine  units m ay also have  b e e n 
turb ate d .

Iceberg Scour: Curviline ar sc ours and  pits. The re  is a c ontinuum  from  re lic t 
/
0
1
2

c urviline ar sc our, d istinc t
c urviline ar sc our, ind istinc t
pit, d istinc t
pit, ind istinc t
sc ours and  pits, d istinctor und e te rm ine d
sc ours and  pits, ind istinc t

c ob b le s and  scatte re d  b ould e rs. Long axis is transve rse  
to glac ie r flow, d e m onstrating a d om inant e aste rly flow off 
the  Avalon Pe ninsula d uring d e glac iation. De viations in 
orie ntation up to 40º re fle c t a thin glac ie r with rad iating 
flow d ire c tion gove rne d  b y the  topography. Fifty to 150m  
c re st spac ing and  1 to 4 m  he ight. Loc ally d raping the  
d rum lins and  oc c assionally b urie d  b e ne ath Gm s and  GD.

Transverse Moraine: Sm all, till-c ore d  rid ge  he avily arm oure d  with grave l, 
Surficial; approx.
orie ntation and
spac ing shown

3
Burie d ; orie ntation
not im plie d

sm all grab  sam ple s sum m arize d  he re  into c oarse  c lasse s; 
The  CHS “roc k” d e signation re pre se nts “hard ” b ottom  with 
little  or no sam ple  re c ove ry, inte rpre te d  he re  as b e d roc k or 
large  clasts.

! b e d rock or c ob b le
! grave l
!

! sand

Seabed Samples: CHS fie ld she e ts c ontain “b ottom  q uality” annotations from  
m ud

T he a uthors a cknowledge Ca na dia n Hydrogra phic S ervice (CHS ), Fisheries 
a nd Ocea ns Ca na da , for the offshore ba thym etry da ta  points, the Ca na da  
Atla s (a tla s.nrca n.gc.ca ) for the im a ge of la nd topogra phy a nd the Progra m  
of Energy R esea rch a nd Developm ent (PER D) a nd the Geoscience for 
Offshore Developm ent Progra m  (GCOD) for field a nd processing support.

Map Explanation
A m a rine geophysica l a nd sa m pling survey conducted from  CCGS  Hudson in 2009 together 
with a  topogra phic sha ded-relief im a ge constructed from  Ca na dia n Hydrogra phic S ervice 
(CHS ) spot wa ter depth points, provides control for extra pola tion of terra in cha ra cteristics 
used to infer the type a nd distribution of Q ua terna ry sedim ents. Considered a  m a pping-
fea sa bility study for a rea s la cking continuous m ultibea m  sona r covera ge, it cha ra cterizes 
geologic conditions of the innerm ost shelf in ea stern Newfoundla nd.
Topogra phy is governed by Preca m bria n m eta sedim ents with a  strong N-S  structura l trend, 
m a nifest a s ridges a nd va lleys, loca lly cropping-out from  a  thin till m a ntle, a cross a  2-4 km  
wide zone offshore the hea dla nds. Ea st of this, low relief Ca m bria n(?) a nd Ordovicia n a ge, 
slightly m eta m orphosed sha les a nd siltstones a re overla in by a  till bla nket of severa l m etres 
or m ore thickness. T his ha s sca ttered drum lins a nd sm a ll tra nsverse m ora ines, loca lly 
iceberg scoured. Mini-ba sins between hills a nd ridges com m only conta in gla cim a rine m ud 
pockets with a  sa nd or gra vel la g. Isola ted ice-ca rved or bedrock structure-bounded ba sins 
a nd som e outer ha rbours conta in va rious fa cies of ponded gla cim a rine m uds, genera lly with a  
sa nd la g cover. T hick sea -level low-sta nd terra ces likely record the reworking of gla cigenic 
m a teria l from  the pa leo-coa stline a nd la nd-ba sed gla ciers. Inside the hea dla nds a re loca l 
deposits of post-gla cia l m ud. 
An a ccom pa nying m a p (S heet 2) presents a n extra pola tion of these findings north a nd south, 
beyond the survey a rea , ba sed only on topogra phy. Additiona l sheets depict the stra tigra phic 
succession (S heet 3) a nd sedim ent thickness (S heet 4). A sepa ra te poster (King 2013, Open 
File 7360) presents exa m ples a nd interpreta tions of the geophysics, photogra phy a nd 
sedim ent core sa m ple da ta  a nd provides a  gla cia l chronology a nd potentia l engineering 
constra ints a nd opportunities. 

Reference
King, E L . 2013. Geologica l conditions off the Ava lon Peninsula , offshore 
ea sternm ost Newfoundla nd: bedrock a nd gla cia l fea tures, degla cia tion 
pa ttern a nd chronology, m a ss fa ilure a nd a ttributes a nd constra ints to 
engineering; Geologica l S urvey of Ca na da , Open File 7360 (revised): 
Poster. doi:10.4095/292863.
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