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ABSTRACT. 40 Ar/39 Ar ages of most single ice-rafted amphiboles from H einrich 
layer 2 (H 2) from a core in the Labrador Sea, a co re in the eastern North Atlantic and 
a co re in the western North Atlantic range from 1600 to 2000 Ma. This range is 
identical to that for K IAr ages from the Churchill province of the Canadian Shield 
that outcrops at Hudson Strait and forms the basement of th e northern pa rt of Hudson 
Bay. The a mbient glacia l sediment includ es some younger and older gra ins derived 
from Paleozoic, Mesoproterozoic and Archean sources, but still the majori ty of the 
amphiboles have ages in the 1600- 2000 Ma interval. The CalK ratios of th ese 1600-
2000 Ma old amphiboles, however, have a bimodal distribution in contrast with the 
uniformity of the CalK ratios ofH2 amphiboles. This indica tes that 1600- 2000 M a old 
amphiboles of the ambient sediment were derived from an add itiona l Early 
Proterozoic source besides Churchill province. In H2 , Churchill-derived grains 
constitute 20- 40% of th e ice-rafted debris (IRD). The fraction in the ambient glacial 
sedim ent is 65-80% . R esults presented here are consistent with the hypothesis that 
Heinrich even ts we re prod uced by a sudden intensification of the iceberg discharge 
through Hudson Strait that mixed , in the North Atlantic, with icebergs that continued 
to calve from other ice sheets. The sh ift from mixed sources in the background 
sediment to a large domina nce of Churchill province grains in H 2 indicates th at, even 
if calving of other ice sheets intensified during the Heinrich episode, the increase in th e 
iceberg discharge via Hudson Strait fro m the Hudson Bay drainage basin of the 
Laurentide ice sheet was by far the la rgest. 

INTRODUCTION el usive. Insolation changes (H einrich, 1988), sea-level ri se 
(Bond , 1994) and global temperature changes (Bond and 
Lotti, 1995 ) are general mechanisms proposed to explain 
their origin. In contrast, M acAyeal (1993a, b ) proposed 
that basal melting due to the trapping of geothermal heat 
by the part of the Laurentide ice sheet located over 
Hudson Bay wa responsible for an ice-sheet surge 
assoc iated with the H events. According to this 
theory - the " binge/purge" model - the slowly growing 
thickness of the ice sheet insulates the underl ying bedrock 
and hind ers the upward diffusion of geo thcrm a l heat to 
the atmosphere. Heat accumulated at the glacial bed 
thaws the subglacial till that, once water-soaked, acts as a 
lubricant , triggering a sudden ice surge (Alley and 
MacAyeal, 1994). The phase of fast ice Oow finishes 
when the geo thermal and frictional heat a re di ssipated as 
the ice thins. The water-cha rged subglacial till ass umed to 
form the subs trate refreezes onto the underlying glacial 
bed , effectively ceasing its lubricating fun cti on . The 
unconsolid ated sediment en tra ined in the ice would be 
transported as ice-rafted d ebris to the open ocean after 
icebergs are calved during the subsequen t surge episode. 
Verbitsky a nd Saltzman (1995 ) concurred that the events 
are controlled by the factors that regulate basal melting, 

There is evidence in deep-sea sed imen t cores from the 
North Atlantic for the occurrence of short-li ved episodes 
of sudd en, intens ifi ed iceberg discharge into the North 
Atlantic, known as H einrich (H ) events, during the las t 
glacia l period (Heinrich , 1988; Bond and others, 1992; 
Broecker and others, 1992; Grousset and others, 1993) . 
During these episodes, very la rge numbers of icebergs are 
inferred to have drifted from the Labrad or Sea into the 
North Atlanti c and then eas tward along the 40- 50° N 
latitud e band (Bond and others, 1992). H events a lso 
appear to take place a t the ends of cooling trends of the 
surface ocean (Bond a nd others, 1993; Bond and Lotti , 
1995), and they were accompanied by a contempora 
neous change in deep-water formation in the North 
Atlantic (K eigwin and Lehman, 1994). 

Although they are clearly related to abrupt climate 
cha nges, the forcing mechan ism of H events remains 
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but proposed instead tha t intern a l fri cti on in th e ice and 
d ownward ad vec tion of a tmosph eri c tempera ture condi
ti ons to the base of the ice shee t ra ther than geo th ermal 
heating a re th e critical fa ctors. U nder these circumstances 
a cha nge in a tmospheri c condi ti o ns could have been the 
dri ving force of the H events. 

Th e binge/ purge model readil y ex pla ins th e inferred 
short dura ti on of the events ("'-' 750 yea rs) and the la rge 
a mount of detritus transported to the open ocean in each 
episode (a pproxima tel y a 10 cm thi ck laye r o f wet 
sediment over a n area of 5 x 10 12 m2 (All ey a nd M ac
Ayea l, 1994)) . Th e binge/purge mod el received support in 
Pb isotopic meas urements of ice-ra ft ed feldspar. (Gwiazda 
and others, 1996) th a t showed tha t the Churchill p rovince 
of the Canadia n Shield was the major source of the 
ma teri a ls of H einrich laye r 2 (H 2). On the o th er ha nd , 
Fronva l a nd o the rs (1995) prov id ed evidence for ad vances 
of th e Fennoscandi an ice shee t contemporaneo usly with 
th e surges of the L a urentide ice shee t. In addition, IRD 
d eri ved from a reas besides the Ca nadi an Shi eld have been 
identified in H layers from co res of the North Atla ntic 
(Bond and Lo tti , 1995; R e\'el a nd o th ers, 1996) . 

Provenance studi es of IRD from the H layers can 
id entify the ice sh ee ts tha t surged a nd thus pro\'ide critical 
information to tes t th e theories pro posed to exp la in the H 
events. I n thi s pa p er we presen t -l0 Ar/39 Ar ages a nd CalK 
ra ti os of sing le ice-ra fted amphibole grains from H 2 a nd 
th e ambi ent g lacia l sediment fro m the same cores in 
whi ch th e Pb iso to pic stud y was conducted (G wiazd a a nd 
o th ers, 1996 ) . Th ese res ults furth er co nstra in th e 
prm'ena nce of th e ice-transported ma teria ls. 

PREVIOUS WORK 

Bond a nd o th e rs ( 1992 ) noted a sharp increase in th e 
concentra ti on of d etrital ca rbona te gra ins in fo ur out of 
six H laye rs in addition to a thinning of th e laye rs away 
from the La brad o r Sea (Dowd eswe ll and oth ers, 1995 ). 
They pro posed th a t Hudson Bay was the so urce of the 
IRD deposited in the North At la nti c during H events. 
Huon and Ru ch ( 1992 ), J antsc hik a nd Huon (1992 ) and 
Huon and J a ntschik (1993 ) showed th a t the K /Ar age of 
th e fin e frac tion of H layers 1,2 , 4 a nd 5 is 850- 1 140!\Ia , 
whereas the age of the backgro und sedim ent is 350-
620 \>I a . These res ults indica te th a t the lRD contribution 
of old contin enta l sources increased during H events. 
Grousse t and o the rs (1 993) conclud ed tha t th e Sr a nd Nd 
iso topi c compos itions of th e bulk sili ca te frac ti o n of H
laye r ma teri a ls re present mi x tures of' a n I cel a ndi c 
co mponent a nd a contributi o n from Ba llin I sla nd . 
Gwiazda a nd o thers ( 1996 ) measured the Pb iso topic 
composition of ice-ra fted feldspa rs from H 2 and from the 
bac kground g lacia l sediment , a nd concluded th a t the 
so urce of ice-ra ft ed feldspars from H 2 was the Ch urchill 
province of th e C a nadian Shield , which includ es BafTin 
Isl and , in agreem ent with th e interpreta ti on of Grousse t 
a nd others ( 1993) . In contras t, the IRD in the a mbient 
sediment had multiple sources . All of th ese studies a re 
co nsistent with th e hypo th es is th a t H events were 
produced by a sudden surge of the La urentid e ice shee t 
through Hudson Strait. 

FroJ1\'a l a nd o thers ( 1995 ) pro\'id ed evid e nce of 

simulta neous ad van ces of the Fennoscandian and L a ur
en t id e ice shee ts during H events. Bo nd a nd Lotti (1995 ) 
ide ntifi ed in va rious H layers IRD o rigina ted in sources 
o th e r than Hud son Bay. R eve l a nd others ( 1996 ) 
presented iso topic d a ta th a t indica te the presence of 
IRD from European sources in H layers of cores from 
outsid e the band o f m aximum IRD accumula ti on , 
be twee n 40° and 50° N (Ruddima n , 1977 ). 

METHODS 

'M a teri a ls from H 2 a nd th e ambient g lacial sedim ent we re 
taken fro m a co re of th e La brador Sea, core H U87-033-
009 (62°31' N, 59°27' 'W , 1437 m depth ); a core fro m th e 
wes te rn North Aria n ti c, co re \1 23-1 4 (43°24' N, 45° 15' W , 
3 177 m depth ); a nd a co re from the eastern No rth 
A tl a nti c, co re \1 28-82 (49°27' N , 22° 1 6"I'V , 3935 m 
d epth ) (Fig. I). D e ta il s a bout the id entification of H 2 
in th ese co res ca n be fo und in Gwiazd a a nd others ( 1996 ) . 
A m p hibole gra ins were handpicked from the> 150;.tm 
size fi'act ion and load ed onto alumin um sample stages 
hold ing 94 gra ins fo r neutron irra di a ti on foll owed by 
40 Ar/39 Ar laser mi croprobe ana lyses a t Princeton U ni\'er
sit y. Sample stages a lso contain ed 25 g ra ins of :'1mh b-1 
ho rnbl ende (520.4 ± 1. 7 M a; Samson and Alexand er , 
1987 ), whi ch were d istribu ted radi a ll y across th e sampl e 
stages to ave rage a n y flu x g ra di ents. Stages we re 
irradi a ted a t :'1clVI as te r R eacto r, in H a milton , Onta rio , 
Canad a, fo r 180 ?\IWh . U pon return th e sample stages 
we re loaded into th e lase r ex tract ion lin e, and indi\'idu a l 
g ra ins were fused with a Nd-YAG laser. Ana ly ti ca l 
proced ures and bac kg rounds are g i\'e n in Cumbes t a nd 
o the rs ( 1994). Th e lVImhb-1 ana lyses we re \'C ry consistent 
a nd yielded a ] \ 'a lu e of (2. 148 ± 0.0 14) x 1 0 ~ . The 
da tes ca lcul ated a re correc ted for d ecay of 39 Ar, 37 Ar a nd 
36C I a nd for in terfe ri ng reac ti ons fro m K , Ca and C l . 
Th e la tter correc tions a re based upon lase r fusion of 
K 2SO I , K C I and Ca F2 sa lts from irradiations imm ed
ia te ly pri or to a nd fo ll owing irradi a ti on or the samples of 
thi s s tud y. Cal K ra ti os of the a m p hiboles were d eri ved 
from measurements o f 37 Ar and 39 A r. 

RESULTS 

In th e core fi 'om th e L a brador Sea, core HU87-033-009 
(Fi g. 2a), virtua ll y a ll the ages fro l11 H 2 and ambient 
glacia l sedimen t g ra ins fa ll in the in le rval 1640- 1970 M a. 
In co re \1 23 -1 4 (Fig . 2b), th e maj o rity or ages o f H2 
g ra ins a re within the r a nge of' ages m easured in the co re 
from the Labrador Sea . Ages of mos t g ra ins from belo \\' 
H 2 a lso occur in the same in terva l, but some yo unge r 
gra ins a re a lso present. The ages of g ra ins from a bove H 2 
a re widely sepa ra ted a nd suggest a heteroge n eo us 
po pula ti on. ln core \128-82 (Fig. 2c), ages of H 2 g ra ins 
clu te r on th e 1640- 1970 lVIa age in te rval, but 4 ou t of a 
to ta l o f 13 grains have ages outsid e th a t range. A simila r 
pa tte rn is obse rved in grains fi'om below H2. In bo th 
sec ti o ns, H2 and th e g lacial sedim ent below H 2, th e 
pro portion of g ra ins fa lling in th e 1640- 1970 M a age 
inte rva l is the same. Above H2, thi s frac tion declines a nd 
yo unge r and older g ra ins are also present. 
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T he ~1ann-Wi thney tes t is the non-param etric stat
isti cal tool used to evalu a te th e probabili ty that two 
sample g roups were derived from the sam e pa rent 
popula tion (Siegel, 1956; Sachs, 1984). Th e use of this 

tes t to compare the age distribu tions of ambient sediment 
a nd H 2 grains is preferred here to the more common t test 
because the M a nn-Wi thney tes t d oes not require th at 
ages be norma lly di stributed as the t test does. If grains 
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Fig. 2. 40 Ar/39 AI' ages of single ice-raJted amphiboles DS depth . Full circles are ages of grains Fom the background glacial 
sediment, and open circles are from H2. (a) Core HU87-033-009 from the Labrador Sea . (b) Core V23-14 from the 
western North Atlantic. (c) Core V28-82 from the eastern North Atlantic. Average age uncertainty (20) is 47 Ma 
(n= 107, range = 3- 191 M a) . 
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were deri ved from multiple sources, their ages wo uld 
gro up within vario us specific lime intervals ra ther than be 
normall y distributed around a give n mean. 

Applying the M a nn- Withney tes t to the age di stribu
tions of gra ins from core V23-14, it is found tha t if th e 
composition of th e a mbient sediment and H2 were the 
sam e, there is a 20 % probability of observing the age 
distributions of Figure 2b or di stributions with even more 
ex treme differences betwee n ambient a nd H2. In o th er 
words, 0.2 is th e possibility of error in cla iming tha t the 
two di stributions we re drawn from different popula tions. 
Although this va lue indicates tha t it is likely tha t th e IRD 
from H 2 and from the ambient sediment were d erived 
from differen t sources, a level of signifi cance of 0.2 is no t 
very strict. The sam e tes t applied to the age d istributions 
of ambient sedim ent and H2 gra ins from co re V28-82 
does not show a statisti call y significant difference between 
th e two di stributions. 

On the basis o f 40 Ar/39 Ar ages a lo ne it is not possible 
to es ta blish stri c t s ta tisti call y sig nifi ca nt differe nces 
be tween ambient sediment and H 2 ma terials, in pa rt 
because most gra ins have ages in the 1600- 2000 lVIa 
interva l. Analyses of CalK ra ti os of 1600- 2000 M a old 
g ra ins reveal tha t in fac t not all g ra ins in this age gro up 
a re a homogeneous popula tion (Fig . 3a) . The va ri a tions 
in CalK ra ti os could be due to different deg rees of crusta I 
con ta mina ti on of a man tie-derived gra ni ti c source. Th ere 
a re no sys tema tic inves ti gations of th e vari ability of this 
ra ti o as a fun c tion of geograph y. Th e CalK ra tios of 
1600- 20001VIa old a mphiboles from H 2 from the three 
co res have a mean of 8. 33 ± 3.63 ( I er ). In contras t, th e 
Ca lK ra ti os of 1600- 2000Ma o ld g rains from th e 
a mbient sedim ent from the three co res ha\'e a bimod a l 
distribution (Fig . 3b ) with no a ppa rent differences in the 
distri bu ti ons of the CalK ra ti os be tween grains from 
a bove and below H 2. The first peak co incid es with th e 
CalK di stribution observed in amphiboles from H2 . A 
d e ta iled exa mina tion of th e C alK ra ti os of 1600-
2000 M a old amphibol es from each core shows th a t the 
single distribution in the H laye r a nd th e bimod a l 
di stribution in th e ambi ent sedim ent oecur in a ll three 
co res, a lthough in HU87-033-009 it is ambiguous (Fig. 
3c- h) . The non-pa ra metri c Fisher exac t probabili ty tes t 
(Si ege l, 1956) can be uscd to examine whethe r th e 
distri bu ti ons of the CalK ra ti os o f 1600- 2000 M a o ld 
a mphiboles from H2 and the ambi ent sedim ent in ea ch 
core a re drawn from different popul a ti ons. For this tes t 
1600- 2000 Ma old a mphiboles a re class ifi ed as eithe r 
in s id e o r o ut s id e th e fir s t p ea k (Ca l K r a ti o 
S 8. 33 + 3.63 ). The test calcul a tes the proba bility of 
th e o bse rved di stributions, 0 1' even more ex trem e 
distribu tions, under the hypothes is tha t all gra ins we re 
d e ri ved from th e same parent po pula ti on. For co re 
HU8 7-033-009, th e re a re no sta tis ti ca ll y signifi cant 
differences. In co re V2 3-1 4, the di stributions of the C al 
K ra ti os of 1600- 2000 Ma old a mphiboles from th e 
a mbi ent sediment a nd from H2 a re sig nifi cantl y different 
a t th e 0.05 level. That is, if th e g ra ins were derived from 
th e same sources in th e same propo rti ons, there is only a 
5% probability of observing th e distributions of Fig ure 3e 
a nd f. For core V 28-82 , the distributions of the CalK 
ra tios of 1600- 2000 M a old amphibo les from the a mbi ent 
sedim ent and H 2 a re signifi cantl y different at the 0.11 level. 

DISCUSSION 

Prov ena nce of ffin 

In the N orth Atlantic cores, 1600- 2000 M a old gram s 
with Cal K ra tios centered a round 8. 33 a re a bundant in 
H 2. The proportion of g ra ins belonging to this subgroup 
a t each level in each core can be calcul a ted. H owever , 
because th e grains measured are a limi ted sa mple of th e 
whole popula tion of a mphiboles a t each depth, th e 
pro ba bili ty tha t thi s es ti m ate approxi m a tes the tru e 
value must be asce rta ined . Confidence intervals were 
assessed such that there is minimum 68% probability tha t 
the tru e \'a lue of the frac ti on li es within the inten 'al (Fig. 
4). This confidence inte rval c, in units of standa rd 
de\·ia ti o n , is ca lcula ted from (Noether, 1976): 

(cJri) P(c) = 2A -
JPQ 

where P (E) is th e proba bility tha t the estima ted value is in 
the inte rva l c, -c and it is g iven by th e a rea und er the 
norma l curve between cVnI JPQ and -cVnI JPQ; n is 
the number of meas urem ents, p is th e probability of 
picking a g ra in belonging to the subgroup ( the true value 
of the frac ti on of 1600- 2000 M a grains with CalK rati o 
:::; 8.33 + 3.63), and q is 1 - p . Sin ce p, th e true va lue of 
th e (i"ac ti on, is not known , the maximum value of th e 
produ c t be tween p and q, 0.5, is used . This is wh y the 
proba bility is referred as a minimum pro ba bility. 

[n a ll cores, 1600- 2000 M a amphibo les with CalK 
ra ti o:::; 8.33 + 3.63 a re the dominant component of H 2 
ma ter ia ls (Fig. 4) but a sm aller proportion of the ambient 
sed im e n t. Id en tifi ca ti o n o f th e prove nance of th is 
popul a ti o n would be indi ca ti\'e of th e ice shee t th a t 
adva nced th e most during H event 2 and the pa th tha t it 
followed. Because there a re no surveys of th e geographi cal 
va ri a ti o ns of the CalK ra ti o, this pa ra m eter is not useful 
for source identifi ca tion. N eve rtheless, th e 1600- 2000 M a 
age is in ag reement with the previously proposed majo r 
source o f icebergs to th e N orth Atl anti c during H event 2. 
A maj o r iceberg source in the Labra d o r Sea area is 
supported by the stro ng d ecay eas twa rd of the laye r 
thi ckness ac ross the N o rth Atl anti c (D owdeswell a nd 
oth ers, 199.') ) and the presence of detrita l carbona te in th e 
layer (Bo nd and oth ers, 1992; Bond a nd Lotti , 1995) . 
Gwi azd a a nd others (1996 ) through Pb iso topic analyses 
of fRD id entified Churchi ll province of the Canadia n 
Shi eld as th e main source of icebergs during H event 2. 
This te rra i n forms th e base men t of the north ern part of 
Hudson Bay (Fig. I ), a nd outcrops a t Hudson Strait, th e 
likely pa th of ice fl ow from the La urentide ice shee t 
acco rdin g to th e binge l purge mod e l (M ac Ayea l, 
1993a, b ) , a nd Ba ffin I sla nd (fo r a m a p of th e 
topogra ph y and dra in age bas ins of th e La urentide iee 
shee t a t 18Ka (14C) see D owdeswell a nd o th ers (1995)) . 
Th e to Ar/39 Ar ages of th e predomina nt IRD componen t 
of H 2 a re consistent with a domin a nce of iceberg 
discha rge from Churchill province because thi s terra in , 
formed 2700 Ma ago (M cCull och and W asserburg, 1978 ) 
and a ffec ted by meta mo rphism a round 1700 M a ago , has 
K /Ar ages tha t range be tween 1600 a nd 2000 Ma with a 
media n a t 173S t-.f a (O za rd and o the rs, 1973 ). It is 
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Fig. 3. Histograms oJ the distribution of the Cal K ratios of 1600- 2000 M a oLd amphiboLe grains. Dashed pattern identifies 
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unlikely that Baffin Island was the so urce of H 2 grains, 
because the presence of d e trital carbonate in the H layers 
is more consistent with derivation from Hudson Bay 
(Andrews and Tedesco, 1992). Grains with CalK ratios 
outsid e th e 8.33 + 3.63 peak should have originated in 
other Ear ly Proterozoic (1700 Ma) areas around the 
North Atlantic, such as Greenland and Scandinavia, or in 
a different part o[ Churchill province. If the Fennoscan
d ian ice sheet advanced during H event 2, ice streams 
originated in 1700 Ma o ld terrains of Scandinavia must 
have crossed the Caledonia n along the coas t. Such a n 
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advance was proposed by Fronval and oth ers (1995) 
based on increases of the IRD fraction on a core o[ the 
Norwegia n Sea. The possibi li ty th a t the iceberg di scharge 
from this advance was a major component of th e iceberg 
suppl y to the North Atlantic during H event 2 is rej ected 
because there is on ly one grain in H2 from the three cores 
that have a Caledonian age (420 Ma), as opposed to 

numerous ~ 1800 Ma old grains. A similar conclusion, 
based on the absence in H2 of feldspars with a Caledonian 
signature, was reached by Gwiazda and others (1996). In 
addition , the strong thickness d ecay of H2 from eas t to 
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HU87-Q33-009, Labrador Sea 
0.44 0.62 0.8 

Above H 2 I I I 

H2 0.67 0.8 0.93 
I I I 

Below H 2 0,52 0.71 0.95 
I I 

- - -
V23-14, NW Atlantic 0.16 0.33 0.50 

Above H 2 I I I 
0.63 0.77 0.91 

H2 I I I 

Below H 2 
0.03 0.18 0.33 
I I I 

- - -
V28-82, NE Atlantic 0.16 0.33 0.50 

Above H 2 I I I 

0.51 0.64 0 .77 

H2 I I I 

0 .37 0.48 0.59 
Below H 2 I I I 

0 0.1 02 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 

Proportion of grains with1600 to 2000 Ma age and CalK around 8.33 

Fig. 4. ProjJortion of grains with ages in the range 1600- 2000 Al a alld CalK < 8.33 + 3.63, at each dejJth interval. 
flalues calculated Jrom the discrete measurements are marked b)1 thick ticks. There is a 68% jJrobabilit)', normally 
distributed around the value calculatedJrom the discrete measurements, thattlte true values lie le'ithinthe intervals rejJresented 
by the horizontal bars. H2 has a larger jJrojJortion (a t least 65 80%) oJ Churchill-derived grains than the background 
sediment (20-40% ) . r I Tithin H2, the Jract iO/7 decreases as the core is Jrom locations J arther al1'~)I Jrom the H udson Bay 
area . 

wes t across th e North Atla nt ic does no t support a 
Scandina via n o rigin (Dowdeswell and others, 1995) . 

Likewise, a m ajor southeas tern drainage pa thway for 
the Laurentid e ice sheet during H evelll 2 via the Saint 
Lawrence River (Bond and Lo tti , 1995) is no t supported 
by th e 10 Ar/39 Ar ages , beca use in H2 from co re V 23-14 
onl y one gra in with an Appa lac hi an age (420 1'\11 a ) , one 
with a Grell\ 'ill e age (930 M a ) a nd none with a Superior 
prO\' in ce age (2700 M a) were id entifi ed . In co ntras t, the 
res t (11 gra ins) have ages between 1700 and 1900 Ma and 
must have com e from so urces fa rther north. 

Grains with ages outside th e 1600- 2000 M a ra nge 
possibly ori g ina ted in the fo llowing a reas a ro und the 
North Atl a nti c (Fig. I ) : te rra ins da ted 250- 550 Ma 
includ e th e Appa lac hi a ns in N orth Am e ri ca, th e 
Caled onia n in th e northern pa rt of Eas t Greenl a nd and 
a 200 km wid e ba nd along wes te rn Scandina \·ia except its 
so uth ern porti on (Condie, 1990); 900- 11 00 M a old a reas 
a re the Grenvill e belt ex tending north of th e Saint 
Lawrence Ri ve r , from the Grea t La kes to th e Can adi an 
Atlanti c shore (Eas ton , 1986) a nd the Sveconorwegian 
Orogen in so uthern Scandin avia (R ommer a nd Wright, 
1993 ); cra toni c so urces da ted be tween 2550 a nd 2800 l'vla 
a re the Superi o r province of th e Canadian Shield , small 
a reas of La bra d or, Greenl a nd (Hoffill an, 1989 ) and 
north ern Sca ndinavia (Rom m er a nd Wright, 1993 ) . 

On th e bas is of results from pre\'ious studies (Bond 
a nd others, 1992; Bond and Lo tti , 1995; Dowd esw ell and 
others, 1995; Gwi azda and o th ers, 1996), it is inferred 
th a t th e majo r IRD component of H 2 in this d a ta se t 
(ages 1600- 2000 M a; CalK ra tios ~ 8 . 33+3 . 63 ) mos t 
likely ori gin a ted in Churchill prov ince. The shift in th e 
proporti on of thi s constitu ent rrom 20- 40 % in th e 
ambient sediment to 65- 80 % in H2 (Fig . 4 ) impli es 
tha t during H e\ 'ent 2 th e inc rease in th e discha rge or the 
La urentide ice shee t was by fa r th e larges t compa red to 

o th e r sources . The te n-fold increase of the sed imentation 
ra te a t th e le\'el of H 2, determin ed through I+C ages 
(Bo nd a nd others, 1992) and ~~2 Th (Fra ncois and Bacon, 
1994; Higgins a nd o thers, 1995 ) , indicates tha t th e 
d o mina nce of th e Churchill-derived rrac ti on is due to 
a n intensifi ca ti on of th e iceberg ou tpu t. In H2 or a ll co res 
th e re is a minor IRD contribu tio n from other sources 
bes id es Hudson Bay. W hether thi s impli es th a t othe r ice 
shee ts ad\'anced during H2 or continu ed to shed icebe rgs 
with the same intensity as before th e event cannot be 
reso lved with th ese d a ta . Increases in th e frac ti ons ofIRD 
orig in a ted in sources o th er than C a na d a in H2 of N o rth 
Atla n ti c cores (Bo nd a nd Lotti , 1995; Re\'el and o th ers, 
( 1996 ) by themselves d o not require a n increased icebe rg 
disc ha rge but mig h t refl ec t ex tend ed sun'i\'alit y o f 
icebe rgs. Even if o th e r ice shee ts bes id es the Lauren tide 
ad vanced during a H einrich eve nt thi s would n o t 
necessaril y imply a g lo ba l dri\'ing m echanism (H einrich , 
1988; Bond , 1994; Bond and Lo t ti , 1995) O\'er a local 
mecha nism (M acA yeal, 1993a, b) . M acAyeal (1993 b) 
pro posed three ways in which a co ll a pse of the La urenticle 
ice shee t could have triggered ad va nces by oth e r ice 
shee ts: (a ) a sea-level change of 3.5 m associated with each 
event, (b) cha nges in N orth Atl a nti c d eep-water forma 
ti o n beca use of th e m eltwater input, or (c) cha nges in 
N o rth Atlanti c d eep-wa ter form a tio n beca use of the 
low e ring or th e to pogra phic ba rri e r to a tmosph eri c 
circ ula tion created b y the Laurentid e ice shee t. 

CONCLUSIONS 

Th e g rea t majority of amphibo les fr om H2 ha ve 
10Ar/ l9 AI' ages in th e 1600- 2000 M a o ld range and ha\'C 
ra th e r uniform C alK ra ti os. Th e preva lence of ice-ra rted 
a mphibole ages within th e 1600- 2000 ?-l a inten 'a l 
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supports the h ypothesis that H events were produced by a 
surge via Hudson Strait of the Lau rentide ice-sheet 
drainage basin located over Hudson Bay. Most grains 
from the ambient sedimen t also have ages within the 
1600- 2000 Ma range, but there is an additional contribu
tion of you nger a nd older grains. Furthermore, the CalK 
ratios of th ese 1600- 2000 M a old amp hiboles a re 
bimodally distributed , with th e first peak m atching the 
CalK distribution of H2 grains. This indicates that, in 
addition to Churchill province, 1600- 2000 Ma old grains 
from the ambient sediment were derived from another 
Early Proterozoic source from either wi thin Ch urchill 
province or elsewhere. 

The Churchill-derived component of IRD in H2 is 
65- 80 % . The proportion d ecreases to roughly 20- 40% in 
the ambient sediment of the North Atlan ti c cores . Tt is 
therefore concl uded that H events were produced by a 
sudden intensification of the iceberg discharge through 
Hudson Strait that mixed in the North Atlantic with 
icebergs that contin ued to calve from other ice-sheet 
margins. Beca use the drifting icebergs melted and 
released d ebri s to some extent before reaching the 
eastern basin , th e fraction of IRD in H2 from ice sheets 
other than th e L aurentide is larger in the east than in the 
wes t. 
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