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ABSTRACT. W e present th e firs t d e tail ed stud y o f regio nal a nd sec ul a r cha nges in 
acc umul a ti o n ra te fro m no rth e rn Gree nl a nd. Fo ur 100 150 m ice co res fi 'o m this 
p rn' io usly littl e in ves ti ga ted regio n ha lT bee n di e lectrica ll y p ro (il ed a nd a good 
chro no logy 1'0 1' a ll four ice co res es tabli shed by mod elling th e d e nsit y pro fil es and 
id entifying l o lca ni e peaks in th e reco rd s. This m ad e it poss ible to ca lcula te th e 
acc umu la ti o n ra tes o f eac h co re. Th e curre nt acc umul a ti o n ra tes sho ll' th a t th ere is a 
la rge regio n o fl o ll' acc umula ti o n ra te to th e no rth eas t o f centra l Gree nl a ndll'ith dro ps 
in acc umulatio n rate o f 25 % 150 km. and 50 % 300 km ri 'o m Summit. 

R ela ti \ 'c1 y la rge I"<ui a ti o ns in acc umul a ti o n ra te OHT tim e a re see n in a ll th e 
co res . \\ 'e ha\'e compa red th e res ultin g acc umul a ti o n-ra te record , whi e h sho uld be 
re la ted to c h a nges in loca l a ir tempe ra ture O\T r no rth e rn Gree nl a nd , w ith 
Sca ndiml\ 'ia n tree-ring reco rd s a nd halT inte rpre ted th e dat a as sho win g a n ea I'll' 
.\I edi e\·al \\'arm Epoch , but no pro no un ced " Littl e Ice Age" a nd no un equi\ 'oeal 
g reenho use wa rming effec t a s ye t in no rth ern Greenl a nd . 

1. INTRODUCTION 

In summe r 1993 fo ur iee co res lI'e lT drill ed o n a tra\ 'erse 

fro m Summit to .'\o rthi ce, G ree nl a nd . Two 100 m cores 
were drill ed, a t 7356.4' N, 37 37.8 ' \\ . a nd 75° 15 .0' N, 
37 3 7.+' \\' a t e le \ 'a ti o ns o f a pproxim a te '" 3080 a nd 
2900 m. Furth er no rth , (\\' 0 150 m cores \\e re drill ed. a t 

76°37 .1':\. 36 24 .2' \\' a nd 78 00 .0' i\ . 36
A

23 .9' \\. a t 

cb 'a ri o ns o f a pproximate ly 2600 a nd 2340 m ( Fig . I ). 
Th e drill sites a rc loca ted eas t o rth e central Gree nland ice 
di\'id e in a reas wh ere c lim a ti c data a re \'IC' ry spa'rse a nd 
limited. Thc bes t d at a on th e acc umulati o n rate in th e 
a rea lIe re o bta ined in th e 1950s b y sno ll' s tra ti g raph y 

sp a nnin g 76 yea rs (Hamilto n a nd o th e rs, 1956 ) a t 

~onhice (78 ' 04' N, 38°29' \\' , e le\ 'a tion 2345 m ) , 40 km 

\\'cs t of th e co re B 19 drillin g sit e . Estim a tes o f acc umul a 
ti o n ra te in th e a reas o f co res B 16 , 13 17 a nd 13 18 co m c Ij'om 

I,- oc h a nd \\ 'ege ner ( 1930 ) a nd a re based simpl Y o n th e 

es tim a te o r a sing le yea r's prec ipita ti o n in til e ea rh- 20 th 

ce n t u ry. 

' P erm a nent address : lnstitut n.ir Ph ys isc he G eog ra phi c. 
U ni\'e rsil ~lt Freiburg. \\'e rd e rring +. 79085 Freiburg. 
G e rm a n y. 

t T o \\'hom co rres ponden ce sho uld be addressed. 

All fo ur co res \\e re diel ec tri call y pro fil ed in Gree n
land. Th e DEP m e th od , pre\'io usly desc ribed by ;\I oo re 
( 1993 ). I\'as sli g htlv m odifi ed fo r o ur meas urem e nts. 

a ll o ll'ing \\'ho le co res ra th er th a n lo ng itudin a ll y c ut o nes 

to be pro filed. This was acco mplished sim ply by ha \'ing 

bo th elec t rod es cUrl 'ed to m a tch th e co re cUrl·a ture . Th e 

electrod e width chose n lI'as 2 cm , a nd meas ure m ents we re 
m ad e o f" th e 50 kH z conducta nce at 2 3 mm reso luti o n 
a lo ng 0 .5 m sec ti o ns of" co re. The 2 c m \\'idth o f electrod e 
lI'a s expected to prOl 'id e seaso na l reso luti o n fo r th e co res . 

Th e DEP profilin g lI'a s d o ne continu o usly al o ng th e co res, 

but due to drillin g commitm ents th e to p 10 15 m 0 [' eac h 
co re \\'e re usua ll y mi ssed. Furthe r a nal yses (c hemistry, 
sta ble iso to pes . ph \'s ica l pro pe rti es ) a re under I\'a y o n th e 
co re a nd will be di sc ussed in future pa pers. 

2. DATING 

,\ pre liminary es tim a te o f th e accumul a ti o n rate ca n be 
mad e fro m th e co re d cpth d ensit\· pro liles (H e rro n a nd 

Lang ll'ay , 1980 ) . Th e d e nsit y profil e 0 [' the cores lI'as 
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Fig. 1. Greenlalld majJ sh o~('illg lite loealio ll oJ SlImmi/ and the drill si/es of /lte JO llr cores. 

ca lcul a ted from weig ht a nd \'oJum c measurem e nts 0 11 

sec ti o ns 0. 1- 0 .S m in leng th. T he d ensity d a ta wne 
mod ell ed using the empirica l firn-d ensifi ca ti on m ode l o f' 

H erro n a nd La ngway ( 1980) . T he density o f solid ice 
\I'as se t a t Pi = 0 .9 17 ~lg m 3 , a nd if P is th e density of 
firn , th e mod el predi c ts th at pl o ts o f In[p/(Pi - p)J \'s 
d epth will consist o f stra ig ht-lin e segments. Th e first 

. . . 1 
segm ent IS [or P < 0. 55 M g m . a nd th e second segm ent 

3 has a sha ll ower slo pe fo r 0 .5S l\l g m < P < 0.82 1\1g III 

3, co rres ponding to the first a nd second stages o f 

d e nsifi ca ti o n , r esp ec ti ve ly. Po re close-o rT' occ urs at 
p = 0.S2 to 0. 84 i\1g m 3 , bcl o \I' whi ch d ensifi ca ti o n 
occ urs mo re slowly. The slo pe o r the second segm ent 
gives the acc umula tio n ra te. Th e bes t fit o[ th e m odel to 

the d a ta was fo und with th e second stage of d ensifica ti on 

sta rting a t a bo ut 16 m de pth , g iving a n acc umul a ti o n 
ra te of O. IS to 0 .1 m yea r I, depe nd i ng o n th e co re. r\ 
d epth age rela tionship was th e n ca lcu la tcd to esta blish 
a n a pprox im a te chro nology fc)1' th e co re. 

A more deta il ed a nd acc ura te chronology can be 

ob ta ined from th e depths o f d a ted stra ti gra phic hori zo ns. 

On e commonly used technique is to identify the sno\\' 
laye rs conta ining the acid depos itio n from hi stori ca lly 

20 

kn own \'olca nic eruptio ns (Ha mmer. 1980; H a mmer a nd 
o th ers , 1980; l\l oo n> a nd o th ers, 199 1) . Th e DEP 
conductivity la rge ly depends on th e acid concentra ti o n 

in the ice (1\loo re a nd o thers, 1992 ) . :\Tumero us sha rp 
peaks in the DEP pro fil e, representing vo lca nic eruptions, 
\I '(' re id entifi ed in a ll th e co res . At d epths of 49 .3 m (co re 
BI 6), +3 .2 m (BI 7), 40.2 m (BI S) a nd 37.3 m (BI 9) , la rge 
pea ks were seen, whi ch wr re id entifi ed as the signal from 

th e eruptio n of La ki (lcela nd ) in 1783 (Fig . 2a ) ba ed o n 

the ca lcul a ted chronology [rolll th e densifica tion profile 

a nd the kn own cha rac teri st ics of th e sign a l from ma ny 
o th er ice co res in Gree nl a nd (e.g. C la usen a nd H a mm er, 
1988 ). \\'c a re \'ery confident in our identifi ca tion of th e 
peak beca use it \\'as seen in a ll ro ur co res, \I'as the la rges t 
signa l in th e top 100 m (Fig. 3) a nd \1-aS within S m o f the 

d epth ex pec ted from th e densifi ca ti o n ra te; furth ermore, 
cycles in th e DEP conducti\ 'it y were o ft en o bsen 'ed whi ch 
co rres po nd cl ose ly with th e predi c ted a nnu a l la yer 
thi ckn ess . Average acc ull1ul a ti on ra tes (or th e co res from 
th e surface to the La ki ho ri zo n we re calcula ted , a nd th e 

\"h ole leng th o[ the ice co res was da ted using these 

acc umul a ti on ra tes. 
I m porta n t \'olca nic eru pri ons si nce ISOO AD have been 
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Fig. 2.a. Detailed DEP (ol/duttalltl' /}/"qflles .lhOl("illg the 1783 em/Jtioll of /,aki ( ire/aI/d) il/ all IOllr ia tore.1. b. 1259 
em/)tioll oIanlll/knoll'lI l'olcal/oji-olll coreJ B18 and B19togethl'l" with the (Ollrluctil'i{J' ( at J5 C) /mJlilelor the GRJP 
(ore . . \ '011' Ih e ] I11lenglh oIIIll' GR IP /llol. 10 COIll/lfllJalelor Ihe rOllg!t(J' double a{w/7/11lalion rail' al GR IP re/alil'e 10 drill 
,lileJ B18 al/d B19, 

li sted in the dust-\Tjl index (D \ ' I) o f' La mb ( 1970 ) and 
th e \'olean ic ex plosi\·j t)' ind ex (\' E l ) oL', ell'hall and Self' 

( 1982 ) , \ ' oleani c-acid sign a ls ha\ 'e been d a ted in ice cores 

(i'om ce ll tral Greenland: Crete (H am m er a nd o th e rs, 

1980 ). the com bined GR I P a nd Eurocore reco rd s 
Clausen a nd o th e rs. in press ) and ot her Greenland 

cores H a mmer, 1984: Clausen a nd H am m er. 1988 ). 
L:sing th e preliminary chron ology o f' th e co res . 20 peaks 

\I'e re round in th e DEP profile th a t co uld be id entifi ed 

\I·jth kn O\\'ll or pl'C\·iously dated "olcanic e ruptions 

(T a ble I ) . At d epths of' 28m (co re B IG). 25111 (BI7 ). 
23 , '~m ( 131 8 ) and 24.95 m (BI9 ) , a m elt laye r was round, 
It has bee n id en tilied pre\'ioLlsly in m a n\ ' centra l 
Greenland icc co res a nd dated to lh e \Tar 1889 by 
Cia Llsen a nd o th ers ( 1988 ). All fOLl r co res contain sig na ls 

go ing back to abou t 1500; onl y the 150m lo ng co res BI8 

and B 19 show peaks from e rupti o ns earlie r than 1+79 
( l'd ount SI. Hel ens). Fig ure 3 sh ows the DEP p ea k 

amplitudes fo r the signa ls ill the fou r cores a ft er co rrec ti o n 

0 1' th e DEP conduc ti"it), for th e cOrers o r d ensity (:' l oo re 

a nd o thers, 199 1). 1'\1 0 rairly prominent peaks \I'ere see n 
in add ition to th ose obsen'ec\ in ot her Greenland cores: 
lhcse a rc peaks I1 and 18, \I 'hi ch \IT d ated from th e L a ki 
ho ri zon a nc\ lh c densilication m od e l at abo ut 1290 a nd 

990, respecti\·ely. In con tras t with ice co res (i'om Summit 

(Cia usen a nd o thers, ill press ) no ob\' io us sign a l \I"as see n 

arollndlhe year 18 10 in a m ' o r th e ro ur co res; but Table I 

and Fig ure 3 sho \l' th a t a \ 'olca ni c pea k of tell sho\l's up 
wcakh- or not at all in a co rc . presumably as a resu lt of 
dilfe re ll ccs ill ac id fall-ollt o n bo th scales lyp ica l O[s ud~lce 

sas tru g i a nd longer distances characteriz ing indi,"idu a l 

preci pi tat ion C\Tnts. 
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Table I . List of identified re.ference hori.~ons and calculated accumulation rates ill the Iour cores 

r 'oLca nic 1 'ear Horiz.oll DejJth Accumulation rate 
jJeak B16 Bl7 BiB Bl9 B16 Bll B i 8 Bl9 
. \ '0. 

m m m m m year m year m year m year 

1993 0 0 0 0 0. 126 0. 11 3 0. 104 0.11 0 
1947 H ekl a 14 12.6 0. 139 0. 11 4 
1889 M elt layer 28 25 23.4 24.95 0. 134 0. 11 0 0. 10 1 0.069 

2 18 15 Tambora 42.8 37.8 35 .4 32 .6 0. 148 0. 11 6 0. 10 1 0.099 

3 1783 Laki 49.3 43.2 40 .2 37 .3 0. 140 0.094 0.098 0.090 

4· 1739 Tarumai 57 .4 49 43 0. 11 8 0 .1 20 0.095 
5 1693 H ckla 64.3 56.4 52 .5 49 0 .1 72 0. 11 5 0.09 7 0.088 
6 1665 .~ 70.3 56. 1 52 .3 0. 136 0 .1 09 0.10 1 
7 164 1 K omagatake 74.3 64. 1 59.5 55 .. ) 0. 139 0 .1 52 0.098 0.098 

8 160 1 Huaynap utina 8 1.05 7 1. n 64.5 0 .1 47 0. 11 5 0.092 

9 15 14 ? 96.3 74.5 71.1 0 .1 22 0. 103 

10 1479 Ylount St. H elens 88.6 79.7 75 .5 0. 102 o.on 
I 1 1290 :' 102.6 93 0.075 0.082 
12 1259 105.3 96 0.079 0.072 
13 1225 .~ 108.4 98.9 0 .1 07 0.094 

14 11 96 ') 11 2 102 .1 0.092 0 .1 05 

15 11 79 K atla 11 3.8 104 .1 0.095 0.094 

16 11 68 ') 11 5 105.4 0.085 0.087 
17 11 04 H ekla 1 121.3 111.9 0. 100 0.11 8 
18 990 ? 134.4 127 .5 0.11 9 0.111 
19 934 Elclgja 142 134.7 0. 108 0.075 

20 898 ? 146.4 137 .8 0. 104 0.083 

2 1 87 1 ? 149.2 140 0.069 

22 757 .~ 148 .7 
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3. RESULTS AND DISCUSSION 

Spatial variation of accumulation 

fe e thi ckn ess in th e regio n o rtll e co res I'aries be tll'ee n 2900 
a nd 2~,OO m (R ado k a nd o th ers, 1982 1, Since th e co rcs 

wcrc cirillcd eith er a t thl' ice di\ 'id c (co re B1 6 ) o r in a reas 
with loll' sur{ace g racii ents lI'here ho rizon ta l n:locitics 
a re abo ut 10 m \'Car 1 R a d o k a nd o th c rs. 1982 ), o nl y 

minimal ice fl oll' occ urs. :\0 correc ti on for a n upstream 

acc umul a ti o n g radi ent was need ed, since the a rea the 

snail' orig inated from is o nl y a fell ' kil o m etres from th e 
drill si tcs. Th e ice co rcs pe ne trat eci abo ut 5[Yo or the ice 
thi c kness, a nd to good ap prox im a ti o n ciiffere ntialthinning 
of laye rs with d epth ca n be neglened . Th erefo re, a good 

est im a ted a l'C ra gc accumulation ra tc f'or th c peri od 

betll'een tl\,O dated I'o!canic-rere re nce horizo ns can be 

ca lcul a ted rro m the (d e nsit y-cor rected ) co re le ng th 

sepa rati ng them ,Table I 
Corc BI 6 showed a m ea n acc umulati o n ra tc o r 

0 , 1+ ± O,OI+mycar I . co re BI7 a rate o f' 0.117 ± 
0.016 m l'Car I. co re B 18 a ra te or 0.099 + 0 .0 12111 I'ea r 1 

an d cOI:e BI 9 a rate of 0,0925 ± 0.01-1-S m yea r 'I ,-\ s 
ex pec tccl fro m m aps at acc umul at io n ra te of' th e a rea 
com pil ed from carlier spa rse m easureme nts (Ohmura a nd 

Friedlllallll alld olhers: ,' /({IIlIIlI/alioll record Jrolll lIorlhem (;reell/alld 

~ 

I 

X I 
1 

R ee h, 199 11, o ur data indi cate a sig nifi c.ant decrease in •• ' 

accumulation from so uth to north, Th ey a lso sugges t a 

much la rger area 01' 1011' acculllulation rat e in the reg ion to 

the no rtheast o f'Summit ( Fig, + j th a n g iw> 11 by Ohmura 

a nd R ee h 199 1), The data used in thi s regio n by Ohmura 
a nd R ee h ( 199 1) werc from the rath cr limited measure-
ments o r Koc h and \ \ 'cgcne r ( 1930 ) , lI'ho cs timated 
precipitation ra tcs a t po ints a long a tral'Crse across 

north ern Greenland from the depth of' the surface sort -

Sl1 011 laye r, Th eir 1I'0rking h ypoth es is lI'as th a t thi s so f't-

snoll' laye r rep resented sn O\d~t11 since the prCl'ious summer, 
but th e\' ae kn oll'ledged that thi s assumption , a nd co nsc
qu entl y th eir prec ipit a tion-ra tc figures, might il l' inco rrcct. 

The bes t data in th e lI'hol e region come rrom th e pit stud y 

made b\' H. Liste r +0 km lI'es t of' d ri 11 si te B 19. or 76 \'Cars or 
, ' 

acc umulati on spa nning 1877 1953 a t \forth ice (H a mi lton 

and o th e rs, 1956 ) , This fo und \'alues bel\\'Ce n 0,05 a nd 
0 , 1+ m ~'Car 1 \\ 'hi ch a re in good agree m cnt lI'ith o ur d a ta 
fo r co re B 19, W c th erefo re propose a Ill od ifi e'd acc umula
ti o n m ap fo r north eas t Greenl a nd (Fig , c~ ) , As d esc ribed b y 

Ohmura a nd R ee h (199 1 j , no rth eas t Greenland prec ipita 

ti on pat terns a re dominated b y Atl a ntic innuences , Storm 

tra cks co m e from th e so uth o r so uthll'es t of'Grcenland and 
Iceland gove rn ed by th e Ice landi c loll' a nd a re m os tl y 
ra ined o ut a lo ng the so uthll'est coas t or th e Summit area 

befo re reachin g the no rth eas t. Th e rem o te se tting of' 

north eas t Greenl a nd, II'hi ch is bloc ked o ff to th e lI'es( by 

th e centra l Gree nl a nd ice dil'ide a nd to th e so uth b\ ' th e 

Summit a rea from moisture so urces a nd m ajo r storm-trac k 
lines, ca uses a la rge area to ha lT a \'Cry lOll' acc umulati o n 
rate , The a rea dcscending no rthwards from th e SUlllmit 

plateau 5ho\\'s a n especia l'" ra pidl y d eclining accumulation 

rate, [n contrast to th e Summit a rea lI'hose moisture 

so urces a re th e l\ o rth Atl a nti c mid-l a ti tud es (johnsen and 

o th ers, 1989: Fi sher , 1990 ), it is likel:' that th e m o re 
no rth erl y sites, espec ia ll:' co rcs BI 8 a nd BI 9, rece i\'e m o re 
moi sturc fi"om loca l so urces in th e Greenland Sea, Arc ti c 

O cean a nd Canadian lI'e tl a nds, 

+ 
'0' W' 

Fig , 4, Rel'isl'd aCCllIIIII/atioll lI1a/1 fin Green/alld. shall'illg 
Jigllijicallt d!l/erellCl'sji"olll t/ie Olllllllra alld Reeh ( 1991) 
majJ ill t/ie lIortl{ ({lid 1I0rthemt 0/ Greenlalld, I.igli/ 
({((III1lIl/alioll - rale (011/0111',1 Jrolll Oltmllra alld Heeh ( !99 /. 

Jig, 6) alld ltemJ' lilies are modiJicaliol7S /}(oed all dala 

jJresfIIled Itm', 

Temporal variations 

Prec ipit a tion a nd acc umula tion ra tes arc re lated to th e 

\\ 'ater-\'a po ur co nte nt in th e air abo\'e the surf'ace 

ill\'e rsio n layer and thus to its te mpera ture (e ,g , R o bin. 
1977 ) , Clauscn and o th ers ( 1988 1 fo und a good 
eo rrcl a tion bc t lI'ecn sta bl e oxyge n-isotope ratios a nd 

acc umul a ti o n rates in ice co res fi"o m centra l Greenland, 

suppo rting a link betll'ee n accumulation rate a nd loca l air 

temperature, " 'e present the acc umulati on-ra te records 

in fi g ures ,) a nd 6, The a\Trage acc ulllulati o n rates a re 
ca lculated at un e \ 'C n intcr\ 'a ls beca use' of' th e rand o m 
spac in g of o ur \'o lca ni c ho rizons in timc thro ug h th e ('ore 

records, The rcl'o re, \\T arc no t a bl e to sho\\' the act ual 

o nse t or, for exa mple . a dri er trend; a llll'e ca n say is that a 

c hangc occ urred a t so m e tim e bet\\'Ce n o ur time marke rs. 
\\ 'hi ch a rc o n a\'Crage sc parated by 50 I'e'a r", This has th e 
general effen o(, reciu cin g \ 'a ri a ti o ns in acc umula ti o n rat e , 

20th-century accumulation appears lilLlc difTerent fi 'o m 

th e a I'c rage f'o r th e cores . exce pt f'or co re B 19 lI'hi ch records 
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Fig . 5. Amlllwlalion-ra/e records/or cores BiB alld Bi9, 700- 1993. /1) . The FeIlIlOS({tlldill{/1!iall /ree-rillg record 0/ Briffa 
and oliters ( i 990) is jJlolledJor comjJarisoll . 

a \·e ry d ry period 18 15 90 followed b\· mu c h hig he r 

acc umula ti on ra tes up to th e prese n t. H a milto n a nd o th ers' 

( 1956 ) acc um ula tio n reco rd fi·om r\ onhi ce be twee n 1877 
a nd 1953 sho,,·s a minimum in th e 19405 ,,·it h ha lf the 
acc umul a ti o n ra te o f th e 1880s o r 1950s. O ur mu c h lo nge r
term a\"Crages can no t revea l this d eta il be twee n o ur 1889 

a nd 1947 ma rk er ho rizons, bu t the ra nge o f vari ab ili t)' 

a ppea rs to be simil a r to th a t in Fig ure 5 . 
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W e h a \·e so ug ht to co rrela te o ur record \I·ith p roxy 

clim a te d a ta fro m o th er hig h-l a titud e a reas . One suc h 

p roxy is tree-ring growth , which is re la ted to summ er 

tempera tures. Th e compa ri so n o f o u r d a ta w iLh tree-ring 
reco rd s fro m no rth e rn Fennosca ndi a (Briffa and o Lh ers, 
1990) (Fig . 5) shows so m e simil a r iLi es but a lso diffe re nces . 

F rom 900 to 11 00 we find a p ro no un ced we t period , 

r epresented b y th e hi g hes t acc umula ti o n r a tes in th e 

1600 1400 

Date AD 

24 

Fig. 6. ACClImlllation rale records of cores B16, B17, BI8 alld BJ9 for l/ie )'ean 1400- J993. lD. A fillh -order /Jo[), lI oll1ial 
.fil 10 all fOllr records over this j)eriod is sll/)erilll/JOser! 011 lite record; l/ie earlier /Jart o/Ihis clln'e showing a sleej) decline is 
1Illrealislicall;' ajleeled b..)' Ihe low values ill cores BiB alld B 19 Inior 10 1500. 1 /) . 
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II'hole reco rd fo r co res BI8 a nd B1 9, so m ewh a t similar to 

th e tree-ring reco rd , \\'hi ch mi ght be compa ra ble to th e 
i\I edi e\'a l W a rm Epoc h in ce ntral Europe . This peri od o f 
pro lo nged \\'c t and \\'armth started a nd end ecl ea rli cr and 
was sho n er in no rthern Gree nl a nd th a n in ce ntra l 

Europe, \\·here it las ted from a bout 1000 to 1300. 
The " Litt le l ee Age" d oes no t sho \\' up clea rl y 111 our 

reco rd s, \\ 'he reas it mi g ht ha \'e bee n ex pec ted to produce 
dl'\' conditi ons. a nd \\'as a lso a bsent fro m th e Fennosca n
dian tree-ring d a ta . There are minim a , peri od s o f lo ll' 
acc umulati on in th e ice co res, but no unifo rm dry peri od 

o r ge ne ra l trend is d etec ta ble during th e peri od 1200 

1900, \\'hi ch is refe rred to as th e m ax imum tim e spa n of 

th e " Littl e I ce Age" in central Europe. N o simple 
sign a ture o f g lo ba l wa rmin g is to be fo und in our ice 
co res. \\ 'hi ch wo uld m a nifes t itse lf as a n inc rease III 

acc umula ti on ra te O\'e r th e las t lOO yea rs o r so . except in 

core B1 9, \I·here a clra m a ti c increase occ urs. 

4. CONCLUSION 

Th e large region of 10 \\ ' acc umula ti on to th e no rth eas t o r 

Summit in Gree nl a nd in ves ti gated he re presents a n 

a ppa rentl y a ttrac ti\"(' sit e fo r drilling to bed roc k in 
future. Th c 10 \\ ' acc umul a ti on ra tes m ea n tha t ice fro m 
th e las t Inte rg lac ia l (Eemi a n ) sho uld be Il ea rer th e 
surface a nd co nseque lltly less likely to ha\'e sufl r red th e 

nO\\' di sturba nces th a t m ay ha \'e occ urred a t Summi t 

IT a ylo r a nd o th e rs, 1993 ). H O\\'enT, th e region is 111 a 

different clima ti c regim e f" om centra l Gree nl a nd and 
a ppea rs to rece i\"(' m oisture fi'ol1l ,",nio us. m ore o r less 
loca li zcd. source a reas. Th e la rge \'a ri a ti o ll in ace uJl1ul a 
ti on ra tes sce n 0 \ "(' 1' th e las t 1200 yca rs. during wha t a t 

Summit a ppea rs to be a remarka bl y sta bl e period of 

clim a ti c hi sto ry. sugges ts th a t inte rpre ta ti on o f regio na l 

a nd g loba l clim a te from a n ice co re in rh e regIon \\·ill no t 

be strai g htforwa rd. 

5. ACKNOWLEDGEMENTS 

W e th a nk th e Briti sh Antarcti c Sun-cy [o r th e loa n of th e 

DEI' cC] ui pm ent w hi ch ena bl ed co re in terpre ta ti on to bc 
d one in th e li ek!. Th e ha rd work a nd commitm l' llt o r th e 
drill e rs in reco\-c rin g th e ice co res is a pprec ia ted . This \\ 'as 
a GRIP assoc iated p roj ec t and m c' th a nk th e GRIP 

Opera ti ons C entre fo r logisti ca l support. 

Friedmallll and olhl'rJ: . 1cClIllwlalioll rerord Jiom lIorlhem Greenland 

6. REFERENCES 

Bri f];,. K . R . (/(/d (i olhn.l. 1990 .. \ 1.+00-\ car tree -ri ng reTurd 01" \"tlll11fT 
t('l11lx' r"tun', in i'en nu,candi; 1. .1{lllIr,. . 346 6283 1. -13-1· +39. 

Ci ath,'n. H . B. and C. C. 1-1<1111I11Cr. 198H. The La ki and T al11bo ra 
e rupt io n, a, n'\('aled in Greenland in' COlT' frul11 II locat io", .. 11111. 

(,111001 .. 10. I ti 22. 

Clau,en. H . B .. :\. S, Cundeslrup . '.J. J ohmen. R, Binc!'chadlcr and J. 
I.lIalh. 1985, Glario logiral imcsligat ions in thc C:ri-Ie area. cenl ral 
Green la nd: a search lor a 11('11 deep-d rill ing Sill' . . 11111. (,'llIr;ol .. 10. 10 I:;. 

Cb",clI. H . B. (/lId 6" olhen. In pre,s. 12:;0 \Tar' 01" g lobal \'olcani,tll as 
n'\'e: liecl b) centra l G rccnbnd ice c()r('~. /11 Ire (of(lturiil'.1 (?l glolHl/ 
iJ;og"(J(helll;rlll (1'.-11'1 .. 1'. 17 () . Idm(/rl'd Rell'lIrch II 'or/;llIo/l .. I (/lIei)' . /-"raIlCf. 

.\Il1rdl 19.93. 
Fi ,lttT. D .. I . 19lJO .. 1 lona lh-a\Tral(ed stable-isotope model coupled to a 

rCl(ional \'ariablc -c!c\'a tion stablr-isotopc model. . 11111. (;/11(;01 .. 14. 6j 71. 
H am il toll. R .. 1. III/d 6" o/hN). 19.iti. Briti sh -"o rth C rcc lll a nd Expedi tio n 

19.52 +: ,ci"lltific rcsul t,. (;eogl, J.. 122 . Pan 2. 21):3 2 10. 
H amlller. C. L-. 19HO .. \cidil~ of polar in.' COlT'" in re lalion lO ab ... o lule 

dat ing. pa,t \olcan ism. a nd radio-echoe, . .J. G/(/c;III .. 25 93.359 :372 . 
H amll1er. C. L , 19S-I , T races 01' Ice la ndi c c ru pt io m in th e G rrc nland ice 

shl'el. jii/udl. 34 . j I 63. 

H .tl1ll1ll'r. C. L· .. H . B. Clausell and \\ ' . Dansgaard. 1980. Grccllland ice 

... hcct cyicicllc(' or po~ t- ~' I ac i a l ulica ni \1l1 a nd ih cl imatic impact. 

.1'1111111'. 288 5733 . 230 233, 
l lerrol l. \1. ~ 1. and C. C. La n g·\\a~ .. Jr . 1980 . Firn ci(' n ~ ili cal i o n : all 

(·mpirical nHJde!. ]. Glllr;III .. 25 93 . 373 38.1 . 
.J ohmcn. S. J . \I'. Damgaa rd and J . \1 '. C. \I·hite. 19S9. T he origill o f 

.l rCl ic preci p ita ti o n under pn' ,ent and g lacial cond itiolll. 7dlill . 
41B -I . +j2 168 

Koch . .J. P. and .1. \I·cp;ener. 1930. \I ' isscnsc haftliche Ergeb niw' der 
cI:ini..,c hcn Expediliu n nach Dronll i n~ Lou i\c:-,-La tld unci que r uber 
cia ... Inl an cl ei ... \0 11 :\orcl Q, r ijniand 1912 13 . . \Jetlrl. (;",/111 .. 75 . 

Lamb. H . H . 1970. \ 'olcanic d ll~1 i ll t h l' ~Ilrn ()sp h ('re: " il h <l c h r()l1oh)f~Y 

and a"eSSl1lcnt "fi r, metl'orological significa nce. /JllillI l. Tlalll, R. Soc. 
I .olldoll . Sn . . 1. 266 1178 . 12.) ;)33. 

:\! oon·. J. C. 1993. High resolutio n d ielectric profil ing of ice CO lTS. J. 
(;Ifllilll .. 39 132 . 245 2-18, 

:ll oore . .J .C: .. H . :\arita a nd "'. :ll acno, 199 1 .. 1 con ti nuo Ll ' 770->l'ar 
r(,cord of \'olcanir a(' t i\ · it~ · from Ea<.,,1 , \ ntarrlica. ]. (;l'O/)/~),L Rn .. 
96 D9 . 17.3 .'>:1 173.,9. 

:ll o"n· . .J. C .. I': , \I'. \, 'oIW H . B. Cla u,cn and C. L , H al1lll1cr. 1992. Tlw 
chcmica l bas is lot· the electrical strali!(raph> o/" ice. ]. (;ell/"!J',I. /? fj .. 
97 132 IS87 1896. 

:\e\\ hall. C. G . " li d S. Sell". 19S2. Th e \'olca nic explos i \ ' it~ index \ 'E I 

:111 C"it im<-1 1(, or ('xplo"i i\c mag'n il ucle for histor ica l \·olca n islll. J. 
(;"II/)h)"l. Re, .. 87 C2 . 123 1 1233. 

O lllllura .. \. a nd :'<, R ee h . 199 1. :\' ('\\ prec ipi tatioll a n ci acc u rnuial ion 

Illaps if) r Greenland.]' G/llr;ol .. 37 125. l ·fO- 118. 
R aclok. L. R . G. Barr> . D , .J ensscn. R .. 1. K een. G.:\. Kila dis 3nd ll. 

\ 1 cl nnes. 1982, CI;lIIal;r Illld pl!J'liwl rlillf({c/eri.l/in 0/ IIiI' (;ref'lllalld ire 

lIiN'I. Bo ulder. CO. L' n i'T rsil~ orC:olorado. Cooperati, 'c Inst itu te for 

Research in EI1\·im tl l11en la l Sc iences. 
Robin. C. de (~. 1977. Ice COlTS and cli m;1l( ' ehan!';e. Phillll. Tr(IIIJ. R. Soc. 

/~(/I/{Ioll . ,)cr. B . 280 (72 ). 11 :1 168 , 
Ta~ [o r, K . C. and!J /JI!tuI . i9~)3, Elenrira l ronci urt i\'it> ll1 ('a"urCIll('lltS from 

the (; ISP2 alld (; RIP Creen land ice core' . . I·"/llrf . 366 6+55.5 19552. 

25 https://doi.org/10.3189/S0260305500015548 Published online by Cambridge University Press

https://doi.org/10.3189/S0260305500015548

