LOOKING BACKWARD

Fiecing Together the Earth’s Mysterious Past
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CORE MATTERS:

How a Tube of Mud Travels from the Deep Sea
to the Laboratory and Offers a Peek at the Past

COLLECTIMNG THE CORE
ning, the
seas ane

releases
the side a
the mexn
[Le T Wi

c =
flocr. Chice there, it plunges
a long. hallew mbe, called a
core, s.l:.113||.r down ingo the

A MUDDY TRAIL FROM SEAFLOOR TO LAB

good at its work. Says Eben
Franks, who haz been in
charge of many WHOH cor-
irLg |'|F'||_'r:||i|.|||'\-| 1||||_||_||__r|||-|:-u|
the word, “Crerall, we get
excellent resuldes.”

FROM SEAFLOOR

TO ARCHIVE

A few weelss barer, the core
AFTIvEE i 1

herizontally Hoo
I helves.

Ve B .
new cores are added to che
archive each year.

The CE i il:l_‘l_’l‘l -|'|-P-|_"|'|
ail i an a table, dsplay-
ing a bag hunk of the earth’s
histary, tald in layvers of
mud thar ook, ar different

pares, like brownie mix,
peanut bumer or beach sand,

What scentists hope the
core contins is invisible o
the eye. Bur it can be felw IF
v sooped up a liede of the
mud and mibbed it berween
your fingers, it would feel
gril:r:.'. Thar g:rir is really :in]'
fossilized shells,

Before the core is stoned,
researchers muss archive it
..‘lr-u'rihin.g the colors of rhe
mid at each level, and
smezring small pomons of it
anto slides for later srudy
Moting the exact level at
which the mud is sampled &
very impomant, because the
mud is laid down layer by
layer over fime. Within the
layers, the chemical proper-
ties of the mud and the tiny
togsilized shells chanpe,
according o shifiing envi-
ronmental or dimatic conds
tions, and sccording o the
circulation of the ocean,

Each core that is recow-
ered is assigned a number

code and is described on a
l_r.ig_::lmi:; COMEPULER Fregram
called MUDDIE. Geologsis
from all over the word have
access o MUDDIE, Some-
iy, a scaeniist will probabidy
call up this core on MUD-
[HE, and may ask ro smdy ir.

SIFTIMNG AND SORTING
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Ellen dries the misd plog
in am owven and rhen pars i
on a fine-mesh soreen, over
which she muns warer. Ddirc 1s
rinsed away through che




sampde, In its amall way,
It b halgsng wtbamiiis
Inarn aboaot b hislory
of tha sarth,

Bur chousamds of
fiay -\.!Il_"..'\-\. remain, All
wogether, they leok like a
reaspoanful of segar. Ellen
puts the shells back in the
aven |i|| H u|.i!c b iy them
out, and then puts them on
i |-_riLh|-.'|.1 slide, ":-h'.’ CAITIES
the slide o her plla.ll'lf
MICEOSOOPE.

For the next several
hours, Ellen peers through
||'\-l.' i -::I'al'lll"l'.'\-\. L"r-r|:lil:x-: 9
a5 soothing music plays in
the background. She exam-
Ellen is 1y
ing to find examples of a
certain species. Lhat of
0, individual toesils per
tray E
hundred mighe be of the
correct type. When she finds
a ghell af the IYpe sghe iz
||.||'1|||H Ior, she wers her
brush and wses it o flick the
shell mo one side of the shde
When she has found a few

BTN

imes each shedl

FE [l ) gix of |_'i|_'|'|'.

}l'“l'd'fli lﬂll |hf "'Il:'ll"'\.. \!l{'
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|||,|hlﬂ“ d'l.l:' ;hﬂ'ru:..li- an«l
R that makec them up
Ehen Franks; who-aperates
the: mass spes when he is no
at sem collecting cores, plac-
the shelltin a e sainkes-
steed gommminer called g hoar
Ower the st few lour-
the shells are cleaned in o
ulerasonic bath, masted under
WECLELAET, Ei-::.n:'.'-.'-.‘l il1 .Il\.'ll\.l.
:||||j q_ll'\'lil.l'|1 it a very low
empreiaiire '.|.'|||| I|'-.' i of
gerting rid of any organic
muerial thar .'1'.i|"_l':| chiroew: o
|||:; =I'I-J|:. ain, A5 Ebsn RVE,

“What you end up with i a

toasted bug shell, nothing
bt czlcium carbanave.
When the shells are as

I_I'_|||.' = I'I"-'l-\.ll'l!l.' |II|'!. AL
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bon-13. "l'.'_|-,|:. g the rarios
of these components helps
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By analyzing rhe re slry of

rhe AR, I & |-|-'\-'\-|!I £ Tdr

plopolnt times o ihe s
whiem the ocean s I\.I'l.l'l'\-ll:.
anid [eMmperarure cnamgedd.
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sanding past trends is visally
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TIME MACH

How an Accelerator Mass Spectrometer
Sheds Light on the Past

Fjlhnf_ half a building ar
WHC iz a machine
called the Accelerator
bass Specirameter (AMS). [t
is the most advanced of the
seven of irs kind in che
warld, The AMS can date
virtmally anything op to
50,08M} wears old thar con
ki I,'ﬂlh{l:l _ I|'|:|I: i, A
thing that has ever been alive
during thar time. This device
can he compared 1o 4 rime
machine, affering scientiss a
window on earth’s history,

EVERY SEASHELL

TELLS & STORY

Glenn Jones, a gealogist who
directs the AMS Faciliny ar

WHOL, bolds up the shell of

an ovean quahog (Ki0-log), a
oype of clam.

“Oine of the chings we're
|,E||i|'||:l' in -.||_|..|:|i||$ .-'Ir.e Fip'a
irlamdica, the vcean quabog,”
he says. “These animals live
o e one hundred o rao
hundred years ald. Their
sheells are just like cree nngs.”

If you know the year in
which & tree was belled, you
cait count the rings and koow
the year it began to grow.
Winh AMS, qu.lhng shells can
be studied the same way
Chris Wideman, a WHOI
El'idl.l.l.lﬂ student who is usirsg
this rechnigue, has collected
guahoeg shells from many
lncasions. He slices the shefls
and photagraphs them, ra
record their annual bands,

Tl1|.' 'L"1I:I'l1i\'.ﬂ| I.'I.Ilﬂpﬂlitiﬂﬂ 'i.IE

exch band changes sccording
i the IETTIE Ca e anid salini-
ty of the water in which the
sheefl lved during that year.

4

“With AMS, we can
i in anad s:amplr TS
cach band, o fnd indorma-
tion abowt each year the shell
was alive,” says Glenn. “We
scnzally et sespsonal revoad:
sjritigg, summer, winter, fall.”
By knwwing where the shell
was collecred, how old it
Wik, arud |1|. A I|1.r|r|l_' the
chemical events that pook
place during the shell’s
liferime, ir's possible o |
construct seasopal and &
annual reconds of emper-
ATUrE, [_lping back cen-
turics  or millennia.
Woaldn't you like to know
the temperature of the water
off Provincesoan, MA, in the
suimmer of 8,000 B

This ability of AMS is
hielping scientists reconstmuct
derziled records of the Eamh's
Llilllﬂ.li'\.\. Il:'ll:llr-l.'.
help them make predictions
ahour our plame’s fumare.

which can

MASTODDM MYSTERY
News, Glenr hokh up a3 very
old-looking roorh thar is
.,IJ.‘H:I,lI: £ h!: ae hiss ||:||'H_| r]‘h:‘-\.
was brought o mc by a fsher-
man who pulled it wp in his
mer off I::ip-.* Cod,” savs
Glenn. “It's a mastodan
tooth.” Using AMS, the wath
i ]1e||:|ing SCIENCISTS Fecon-
struct the hiswory of the Cape
Cond coastline. "When fsher-
men find mm-r:hin;ﬁ like this,
they sometimes record whers
they were, and what the waber
depth was,” siys Glenn, With
thar infarmarion in hand, ara-
Iwing the roorh with AMS
has prodisced a peece in the
puzle of Cape Cod's past.




“We know chat
mastadans
didn't swim
§ around.” says
Cileren, ™ Ax the
Hims thar the
mastodan was
alive, it was
walking on
land.” When
did it Ehoe?

Afrer AMS
dating, it was deter-
mined that the tooth
was | 1,000 years old.
Maybe an vhart time, a
forest grew where
there Is now occean.
Perhaps the long
dead masodon once
-‘.i? -._'Iu.11'|.'-1:|.1 l:|:|n.u.1|_.!.|'| thai

forest.

x IIF PING
: -. FISHERMEMN NAKE

.-. B PREDICTIONS

. 'I"'-' "'L- In the LS, rerrivorial
: fishing waters of the
Morth Atlantic, the pop-
ularion of codfish and
haddack, the rwa moest
impormanit species in that
area, have declined dramati-
cally in recent years due m
averfishing, Some scientiscs
think that in future years,
these populatons af fish will
-\.||r|]_||'| e nmrh'.-l..in.‘l |1’
the waters in the Morth
Atlantic grow progressively
WArMEr Some Flrl"'l.‘iil.'li-\.'ln.ﬁ
have this reglon of the Monh
Alantic warming up by 2-4"
. over the coming years. s
there a way e predicr whar
may happen eo these fish

popularicns

There is & pre-historical

precedent for this dtuation,
Six o eight thousand years
g, il' 4 L'Il:'ri-\.ll.l called the
Climatic Optimum, the
ocean in that area was 2-4° C
warmer, 'Where in the Morth
.l"||_|“.'||i|, WeETE |||||ri1|‘| amad
haddock livieng at that et
The answer may lie in the

aroliths (fish earhones) of

those fish,

Though most fish remains
are not preserved, ovelichs
|_'|1du|c_ |::|||_-I||1 I|I'||.| arhers
hare been leoking For cod
and haddeck orolichs in
dl.'l.'P-:al_':l CHRES raken in che
LIS, terriborial waters of the
Morth Adannc. By dacing the
aroliths with AMS, they
tl-l_l-l,'ll_' [ !is\lrr aur where
those fish Hwed during the
Climatic Oprimum.

Befors AMS, it would
'|'|;|-_-|_- |r:|.'|1 NECCREATY 10 collecy
several hundred samples of
acoliths from an are in ander
1o date chem. This would be
an impossible task, bocauss
not that many oaliths are
found in deepesea sedimenis.
“With AMS technology, we
can answer this question From
just ame oolith,” s Glenn,
“We can do a much longer
|ir|||; ||i:.l:|:-I!.' ab che disgriba-
vion of the fsh. If we can go
back o a mme when the di-
mare wis differenc than i is
Il.rd.l.:.'. and can peconsmic)
the fishery of thar time, we
€an pse thar reconscrscion o

make predicrions.”

FROM BULD 10 AMS

Glenn is & marine peologist,
long intersated in deep-sea
mud. Abowt ten years ago, he

& orops-asction alice of & ciam shall {Arctice fefemdics). Esch
growewd In tha shall regrssssts oms yonr in the clam’s life.

The

f0 be daied is chemicaly reducsd 1o Smasl puns cabon; &
lﬂﬂdﬂﬂﬁmmﬂhﬂlﬂpdlﬂﬂ.m
nib of graphite 8 pressed into @ tiny hola b e ond of e
machins, |18 journesy is about 1o Dage,

Bt thess spach of graphite ised? @ acivally going bo go
ampwhers, B will b Dombarded with pamicies of o material
called cesium, which couse e @ioms of carbon bo sputher off
the graphite &nd féch rcugh the B-eol ong rack.

The chaqged parickes trgval &2 A baam of Bght through o
seriss of magnetic and alectrical fields. Thase pass by a
powerful magnel thal bends the atoms of cabon12 and
carbor-13 into & cup o be mEeasured & & curment, The
heavier atoms of carbon-14 roved 1o tra @i of the track
whers Ehey are sounled Bng Feconded by computer. This Tinal

readaul provides

l1c_r:.1n to wonder aboul
ancient earth climates. He
gaw AMS a2z a ool o ':I|.'||'\I
arwrwer soane ol his qussions,
loday, working with one af
the newest AMS faclites in
r|||_- I\.v¢'|_'\.|||_;.. Glenn b ] resulrs,

He sometimes thinks ol
himself as mravelling through
rime as he analyees dana.
“¥au have to put yourself
inter another dimension,” be

“You look ar the infor
mkisn and say, " Whar this is
really velliog me i dhar in tha
long-ago summertime, this
was whar the remperarure
Wil |:-\. iL ||-u: ﬁl:lll'll..:l:l Ilul.n
ar like the coast of Maine?”
He studies the mastodon
|||..|I|‘| i his hand % hat
we're ﬁndlu;., aut about the
past wouldn't be "l-;ls-.-ll.'-ll.
withour Al re;hnﬂlnf;t
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LITTLE
SHELLS

RAISE

QUESTIONS

‘ had decided to
l:.lu..h dimosaers, |
woslld have heen
lucky to find one Tyranm-
ROTZNFNT FEX iN MYy entire
career. lhere just aren ¢ ghar
Imamns -.l!-r..illlru'\- [ wirk
'l'lilll " '\.ﬂ'l"'\. I_.:lll.k h‘.Illlrll' a
WHO! paleobiol logist who
stusdies ancieny life forms.
|I|-\.I|_'.I<|. [.:II;.L ~|,||_'|||_15. ||i'\.
days sifing through dried
deep-sea mud, i.r-nl'.il*l_ for
TS nflh. shellls of samy ||,|||_-

single-celled
E

Creatures
lenown as Pioea-
minifera (often

Farams far shart).

called
Unlike
dinceaur remains, these shells

are abaindant, “ln one glol
of mud. | can collect thou
samds of S[RECIMENs, SayE
[-.li-\.'L. w|HN_' Llﬂ‘-ll_q is TR
wm housing

6

in minkTen,

thowsands and thoosamds ol
shedls in cabiners thar fin eas-
ily on a abioop.

For a wisitor in his office,
hee pudls gur may sher rray of
rhese .|I'||.|.li|'|l_l| whells, f1||,|:||;,'.,|

under a microscope, they

reveal an astonishing variery
and complexity of farm
Dick sometinmss I\.M.ll..ll_'rl-
what it like to be a microbe.
“It's wugh enowgh for us
ewim in rhe

OCEan, |l:; II.|'|

written, ~bat to a creatwre
half ihe size of the period ar
the end of this senn
wWialer is a8 sti L_l E1] |"|||.:'|'-.
ghie.” Just imagane what rt's
like to swim, breathe, and
carch your lunch in
stul thar socks w o
all the time!
*I marvel ar how these
CTEATHIES Gl |'||:||-cr | i'iviug
in & world 2o different from
our own,” says Dick. °1 do
not doubr their abilicy o
RRIFYIVE, SINCE I:|11.'_t' have dane
quaiee well for abour 160 mil
bion yearst™
blic |'|.l-|'\l.||:'||||I-\.|||:-l_r|;-.|'\-\.

(whio sty fosals of micro
scopic creatures) generally

[ =

U LLURDS e

Arem | |||:r||_'-.‘.q,\,|
in  evaelution.
Mostly. they
smudy the relarion-
'H.IIII" ol ||rq,|n it 1|||.-
feremt places, their ages,
or when various layers of
racks were laid down, Dick's
He says,
“I want to know how the
diversiry within and amaongs:
SEHECIES CRMme oo e )

Dhick halds up a slide that
contains hundreds of Fora
minifera shells. loak
-
geodoggises think of these lile
shells as nothing mare than
cobored besds. o them. the
|'\'I|:'||_||:-:|| importance |||'
those shells i3 their age frer
paper 251

Bur Diack is TN illrl_'l-;_'\-\.l-
ed in the changes in shell
shape of these crearures as
their species have evolved
“How did these shells dievel-
op their shapes? How did the
tremendous variarion of col-
ors and rexnares of these Liv-
ing things, ar, for thar mar-
ter, all living chings, ever
come o hed ”

inrerest is different,

They

like gEramng of sa d. =5

FHe helicwes thar |-|'|.\,|.|1|_I

the amswers 1o his questions
will help him creare thearies
[ Ak '|'|'|I.I even hipper ucs-
want o know what
our |'-.':.-'.|.' IS I AfE universs

in the workd,” By '\1II|.|||.IIIL_
it the 'u"ll.-”l.'\-\.l &i

I||||-\.

ROImME

plist andd oldess life forms on
garth, Dick hopes oo gain a
berrer undersranding abouw
[BE daxFl

15 of larger and
mare complex creatores
"Lots of peaple want 1o
Ll'll'l'-'.—u-h'. am I i I-.i.' || Bis
as | pust created, or s there
a purpose for my being here?
We are all the pnhl.l:'n ol a
bifge sequeice af changes.”
As a child, Dhck was
always tarning over ricks
and '\-|.'|'ir||__l| wihar wis |||||||_'r-
neath
things

"There were some
didn't wanr to




touch!” The son of two sci
enrists, Dick has a life-long
ir|I|_'|;,'H.I 1 ||.-|||||.|| hizsgary, i
colloge, he becamse inferesed
in geology because he saw i
¥ a sciencifsc framewark 10
wst 0o sbudy the world an
large. “IF you understand the
history of the earth,” says
Irick, “vosii can berrer Apipre-
Cidle (e cAYIEDMRmETiE il
conditiens 1n which life

} evobved.”
Like many scicnrists

L i
W0 '\-'.'.II.‘I'\-' e anuicnt psist,

[¥ick sometimes thinks of

the eons thar lie berween his
own cra and that of the fos-
zils with which he works.
' Thar distance in rime
rllﬁl:g'\-\. b |||||'\-|: al Erars
“Looking back in time is
like I.||'-I-C|nt'_ into Space
W.llr:l WE '.-clllL Gl &R[Ars, We
s .|F||I tht R ediailed
billions of vears age. ”

Dick MNorns once hoped
po spend his career smudying

|:.|||||'\..|||' |:\.'r||.|ill'\. .I.Il:"\'l'
days, he says dincsaurs are
MmOt EXaric u.'n.|||.|_l_|'. rheir
FRVIFGRMENT i raa much
like owr awn! Bur microos-
panisms kve in o world ol
Iy alien o wus, "1 have Erowm
pix love microdossils,” he &R,
as he examines a eray of
weird, lovely shells. *You
have o love whar you work

ot by spend e on "

Bamploe of microfos-
wila Uhal Dech has #ud
imd. Emch phofn 2 g
nified haendreds of

Bmas.

Dik has hesn sbudying the svodution of fwo crastenes in partcuder
oboconalls (e and Fohsalla (Fh). Thelr images are shown here, mag-
nifimd many times. &boud 30 millies years o, Ehe oddesl sveamplas od
anch apacies wers flobular in foem, The newssi sxampies |3 mars 413
million years old) hase & Compresssd saape, Az ho sbudles the croaturoes,
Dich asha himsedl why the changes i sk have tak 1]
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