
C
ru

st
M

an
tle

 -
 T

E
1

C
ru

st

M
an

tle
 -

 T
E

2
   

 R
ift

in
g 

of
 c

on
tin

en
ta

l
lit

ho
sp

he
re

 -
 s

ou
th

er
n 

rif
t

R
ift

in
g 

of
 c

on
tin

en
ta

l
 c

ru
st

 -
 n

or
th

er
n 

rif
t

   
 R

ift
in

g 
of

 s
ub

co
nt

in
en

ta
l

   
   

  m
an

tle
 li

th
os

ph
er

e
   

   
   

   
   

in
 fu

ll 
rif

t

S
ea

flo
or

 s
pr

ea
di

ng

Extension history

R
ift

 P
ha

se
 2

E
pi

so
de

 1
E

pi
so

de
 2

E
pi

so
de

 3

C30

M0

M1

M3

M5/
M10

M11

M16
M17

C31

C32

C33

C34

M12/
M15

M18/
M21

M22

M
aa

st
.

C
am

pa
ni

an

Sant.

C
on

ia
c.

Tu
r.

C
en

om
.

A
lb

ia
n

A
pt

ia
n

B
ar

re
m

.
H

au
t.

V
al

.
B

er
ria

s.
T

ith
.

125

135

145

140

130

120

115

110

105

100

95

90

85

80

75

70

A
ge

 (
M

a)

A
ge

 (
M

a)

45

50

55

60

65

C21

C22
C23

C24

C25

C26

C27
C28
C29

30

35

40

C11

C12

C13

C17
C16

C20

C19

C18

P
al

eo
ce

ne
E

oc
en

e
O

lig
o.

~167-132 Ma.  Ages of hornblendes in amphibolites at 
Sites 1067 and 1068, interpreted to mark times of rifting.

~129-126 Ma.  Exhumation and cooling of granulite 
schist below 90° ± 30°C at peridotite ridges, NW Galicia 
Bank (Fuegenschuh et al., 1998).

~128 Ma (Chron M3).  Sharp increase in basement 
roughness in Newfoundland Basin (Tucholke et al., 1989).

~127 Ma (near Chron M1).  Mantle exhumed at Site 
1277, Newfoundland Basin.

<~122 Ma.  Cooling of gabbro, interpreted as tectonic 
exhumation, at peridotite ridges, NW Galicia Bank 
(Schärer et al., 1995, 2000).

?122 Ma.  Ductile deformation of diorite dikelet, 
peridotite ridge, NW Galicia Bank (Féraud et al., 1988).

117.7 ± 0.9 Ma.  Cooling of plagioclase in sheared diorite 
dikelet (retrograde metamorphism during exhumation?), 
peridotite ridge, NW Galicia Bank (Boillot et al., 1989). 

~120 Ma (early late Aptian*) or later.  Normal faulting 
and uplift of ridges in previously exhumed, ~129-130 Ma 
mantle, Sites 897 and 899 (Comas et al., 1996).

Rift tectonic events

*Based on timescale of Gradstein et al. (2004)

~117-69 Ma.  Local hydrothermalism or magmatism 
possibly caused by intraplate extension, Sites 1070 
and 1277 (Jagoutz et al., submitted).

Aptian Event

Rift magmatic events

~56 Ma.  Volcanic detritus in sediments, Site 1276, 
Newfoundland Basin; also found in Upper Cretaceous to 
lower Eocene sediments at Sites 897, 1068, and 1069 on 
Iberia margin (Marsaglia et al., this volume).  Source 
unknown.

~68-58 Ma.  Alkaline magmatism at Gorringe Bank, 
associated with compression at Eu/Af plate boundary.

~76-69 Ma.  Gabbro emplacement in peridotite basement 
or termination of hydrothermal activity, possibly related to 
local extension, Site 1277, Newfoundland Basin.

~82-77 Ma.  Gabbros at Gorringe Bank (ages may be 
reset by plate boundary activity).

~92 Ma.  Gabbro emplacement in peridotite basement or 
termination of hydrothermal activity, possibly related to 
local extension, Site 1277, Newfoundland Basin.

~96 Ma.  Monzodiorite dike, southern Grand Banks.

97.7 ± 1.5 Ma.  Trachytes emplaced at Scruncheon 
Seamount in the Newfoundland Seamount chain.  
97.7 ± 3.8 Ma.  Injection of lower diabase sill, Site 1276 in 
Newfoundland Basin.

~100-70 Ma.  Alkaline dikes and volcanics, southern half 
of western Iberia margin.

100 ± 5-7 Ma.  Postrift basalts emplaced on NW Galicia 
margin, and termination of pulse of local magmatism or 
hydrothermalism at Site 1070, SW of Galicia Bank.

105.3 ± 2.3 Ma.  Injection of upper diabase sill, Site 1276 
in Newfoundland Basin.

~110 ± 10-15 Ma.  Gabbros, dolerites, amphibolites at 
Gorringe Bank (Eu/Af plate-boundary tectonism, or older 
ages reset by ~68-58 Ma thermal event?).

113.2 ± 2.1 Ma.  Gabbro dike emplaced in peridotite 
basement at Site 1277, Newfoundland Basin.

~117-115 Ma.  Lamprophyre dikes in N. Newfoundland 
and diabase sills or flows on S. Grand Banks.

~122 Ma.  Intrusion/cooling of gabbro in peridotite ridges, 
NW Galicia Bank. 
>122 Ma.  Emplacement of diorite dikelets in peridotite 
mylonite, peridotite ridge, NW Galicia Bank.

~124 Ma.  Gabbro pegmatite intrusion and cooling in 
peridotite basement, Site 1070, SW of Galicia margin.

127 ± 4 Ma.  Intrusion/cooling of gabbro pegmatites in 
mantle peridotite at time of basement emplacement, Site 
1070, SW of Galicia margin.

128 ± 3 Ma.  Intrusion/cooling of gabbro dike in peridotite 
at time of basement emplacement, Site 1277, 
Newfoundland Basin.

~131 to <~122 Ma (late Hauterivian to early Aptian or 
younger).  Formation of Southeast Newfoundland Ridge, 
J Anomaly Ridge, Madeira Tore Rise, and parts of 
Gorringe Bank (later deformed) above a plume at the 
southern edge of the rift; magma probably introduced 
northward into the rift (Tucholke and Ludwig, 1982).

~144-125 Ma.  Dike intrusion in Newfoundland, volcanics 
emplaced in Whale Basin on the Grand Banks.  Intrusion 
of dikes and sills in Lusitanian Basin. 

~197-135 Ma.  Intrusion and cooling of gabbro in mantle 
at Gorringe Bank, south edge of Newfoundland-Iberia rift. 

References for age data are given in Table T1.
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Primary Lithology
Possible unconformity - Horizon AU.

1 - Brown to green and gray mudstone and 
claystone (85%), muddy sandstone and sandy 
mudstone (8%), and grainstone beds that are 
sharp-based and graded (7%).  Hemipelagic 
deposits with occasional turbidites.

Hiatus spanning 1.2-6.9 m.y. (Wood et al., subm.).

2 - Greenish gray, dark gray, and olive-black (at 
top) to reddish, brown, and greenish gray (lower 
section) grainstone and calcareous sandstone 
(~40%), marlstone (~40%), and claystone and 
mudstone (~20%).  Deposits are hemipelagic 
background with dominant sharp-based, graded, 
and largely calcareous turbidites.

3 - Reddish brown and greenish gray mudstone 
and claystone (~80%), light gray grainstone and 
calcareous sandstone (~10%), marlstone (~5%), 
and calcareous siltstone (~3%).  Characterized by 
thick, muddy turbidites (~85%) interbedded with 
burrowed hemipelagic sediments (~15%).

4 - Burrowed reddish brown muddy sandstone, 
sandstone, and sandy mudstone, deposited at 
very low sedimentation rates (<3 m/m.y.).  May 
contain hiatuses.  Rare gravity-flow deposits with 
thick, laminated, muddy tops.

5A - Calcareous sandstone (~80%), minor 
grainstone, unlaminated marlstone, calcareous 
mudrock in thick (to 1.65 m), medium to dark gray 
depositional sequences emplaced by 
mud-dominated gravity flows.  Minor 
burrow-mottled and generally noncalcareous 
mudrock.  Persistent occurrences of black shales 
with total organic carbon up to 11.7%.

5B - Medium to dark gray mudrock (85%-90%) 
pervasively burrowed or characterized by subtle 
planar lamination overprinted by minor but 
persistent burrowing.  Scattered nodules and 
concretionary bands of diagenetic siderite and 
dolomite.  Occurrences of black shales with total 
organic carbon up to 4.1%.  Rare graded 
gravity-flow deposits with sand or silt bases.

5C - Greenish gray, dark gray, and olive-black 
sandstone, silty sandstone, grainstone, and 
mudrock in thick to very thick, graded, gravity-flow 
deposits (turbidity currents or debris flows; 
80%-90% of subunit).  Persistent occurrences of 
black shales with total organic carbon up to 7.8%.  
Common syndepositional deformation in silty bed 
tops (load balls, flattened recumbent folds, 
sheared-out laminae).  Very thick structureless 
calcareous mudstone tops in gravity-flow units.  
Disorganized beds of silty sandstone with 
scattered large sedimentary clasts and sharp bed 
tops (sandy debris-flow deposits).

Diabase sills were intruded into Subunit 5C (upper 
sill 105.3 ± 2.3 Ma, lower sill 97.7 ± 3.8 Ma).    
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Shallow-water limestone, marlstone, dolomite (639).  
Deeper-water claystone and conglomerate (901, 1065, 1069).

Dolomite (639).

Sandy turbidites (640) and clayey to sandy turbidites 
with variable marl component (638).

Marlstone and calcareous claystone (638, 640).

Micrite, marlstone, laminated claystone/marlstone, and thin 
silt and sand turbidites (638, 640, 641).  Nannofossil 
limestone (398).     

Variegated claystone, silty claystone, nannofossil chalk 
(1070).

Gray-green to light marlstone, thin calcareous turbidites, 
black claystone (640, 641).

Black to dark green-gray claystone (398, 641).

Marl (641).
Black zeolitic clay (641).  Black clay-
stone and interbedded lighter 
marlstones (398).

Brown clay (641), variegated claystone (398, to Paleocene).

Upper Cretaceous - Brown to yellow-brown claystone (640), 
variegated claystone (398) and conglomerate, clayey 
sandstone, sandy silty claystone turbidites and debris flows 
(899).

Nannofossil chalk, brown to gray claystone, calcareous 
claystone (1068, 1069).

Chalk, marlstone (639, 1069).  

Gray-green to black claystone (398) (to mid-Cenomanian).

Basin lithology, full rift (Site)

Red to brown marly chalk, marl, claystone (398). 

Siliceous marly chalk to mudstone (398).

Siliceous marly chalk (398). 

Claystone, siltstone, calcareous claystone 
and siltstone, intermittent sandstone (897, 
1068-1070).

Initiation of strong, westward-intensified 
abyssal circulation; seafloor erosion 
along western basin margins.

Oxygenated deep basin.  CCD at 
intermediate-deep (4± km) levels 
throughout the Paleogene.  

Strong surface water productivity, 
particularly of siliceous plankton in the 
main North Atlantic Basin. 

 

Sluggish circulation and local reducing 
conditions at or below the seafloor. 

Shallow-water, pre- to synrift platform 
carbonate accumulation.  Deeper-water 
detrital/terrigenous deposition in restricted 
rift basins having probably shallow CCD. 

Deep CCD.   Pelagic carbonate to marl 
deposition near or above the CCD in basin 
areas protected from gravity flows.  
Abundant reworking of carbonate and 
terrigenous detritus downslope in 
turbidites and debris flows.

Restricted oxygenation in deep basin.  
Deposition of carbon-rich beds during 
oceanic anoxic events, and deposition
of dark, laminated, unburrowed shales; 
interruption by gravity flows where 
transport pathways were available, and by 
burrowing under intermittently more 
oxygenated conditions.  

Continued shallow CCD.  Deposition of 
multicolored pelagic clays at very slow 
rates in deep, oxyenated basin.  
Abundant turbidity currents and debris 
flows where transport pathways 
available.   Extensive reworking of 
sediments by benthic organisms.

Deep excursion(s) of the CCD and 
increased calcareous component in 
sediments.

Transition to shallow CCD.
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Ms 210SR-101, Figure F4. Summary of tectonic events, magmatic events, sedimentary history, 
and deep-basin paleoenvironment in the Newfoundland-Iberia rift from latest Jurassic to Paleogene
time. The lithology of Site 1276 is summarized at the center of the figure. Formally defined formations
of the main North Atlantic Basin (Jansa et al., 1979) are shown at the right, together with middle
Cretaceous Oceanic Anoxic Events (Leckie et al., 2002, as modified by Gradstein et al., 2004). 
CCD = calcite compensation depth.
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	Ms 210SR-101, Figure F4. Summary of tectonic events, magmatic events, sedimentary history, and deep-basin paleoenvironment in the Newfoundland-Iberia rift from latest Jurassic to Paleogenetime. The lithology of Site 1276 is summarized at the center of the figure. Formally defined formationsof the main North Atlantic Basin (Jansa et al., 1979) are shown at the right, together with middleCretaceous Oceanic Anoxic Events (Leckie et al., 2002, as modified by Gradstein et al., 2004). CCD = calcite compensation depth.

