
!"#$%&'(%)%*%$'+*,-+-.-

!"#$!%#&'('")&*+$,-.*,/%#0*(

+)1,$""*"2-%*23!+)4

5678,)9:;<=;>,?6@ABC

!"#$%&'()$(*+,-)#+('&.)/&$0()$1,0(2**(0"&(32#'0(2*
$240"&4$(!")+&(2-&4(0"&(1#'0(5(/)++)2$(6&#4'(#$.
32/1#4)'2$(02(3"#$%&'()$(0"&(14&3&'')2$(2*(0"&(7#40"8'
#9)':(;<4#1")3=(>&+%&(?4@(ABCD(E4#$F(G#/6(?CAH

/0123456$575389:

/:3;<5761;6:1<:'30414=>56?1;>76@A5864:5
,@=4:6B391C196D8@>=9560@;<'458265CC5947
@;64:56!;4389419
*5?6C1;>1;<76C8@264:56C150>6@C6%384:6:174@8E6385612D8@A1;<6@=86<837D6@C
90123456259:3;1727

+;64:56D374621001@;6E5387F64:56:1<:'30414=>56?1;>76@C
4:567@=4:58;6?574580E6?1;>6G504F6?:19:67D3;76;5380E6:30C64:56<0@G5F6>1>;H4
G5:3A56376=;1C@820E6@A5864:56,@=4:58;6B391C196376D85A1@=70E6377=25>I
+;7453>F64:5E6A3815>69E9019300E6@A586D581@>76@C693I6JKFLLL6E5387I6!6;5?
74=>E6:376;@?69@;C1825>690@75641576G54?55;64:5690123456@C64:5621>63;>
:1<:603414=>5763;>64:346@C64:5648@D19761;64:56,@=4:6B391C19F6?:19:6:37
9@;75M=5;9576C@864:56938G@;6G=><546@C64:56B391C196,@=4:58;6N953;63;>
4:56743G1014E6@C64:56(5746!;43894196+956,:554I6-:5674=>E6?376D85D385>6GE6&8
#83;O6"32EF636<5@7915;417463464:56!0C85>6(5<5;586+;7414=45F6P502:@04Q
/5;4856C@86B@03863;>6R381;56$575389:F64@<54:586?14:68575389:5876C8@2
/:105F64:56*54:5803;>7F64:56.,!63;>6)5823;EF63;>6:376S=746G55;68505375>
1;64:56B8@955>1;<76@C64:56*341@;306!93>52E6@C6,915;9576@C64:56.;145>
,434576@C6!2581936TB*!,UIV

3DEFG;H,IF,JD;,H9KJD;>F,L;HJ;>MN,LIFO,=;MJ,P>9OKQ;,RKFOE<;FJEM,;RR;QJH,9F
JD;,IFJ;FHIJN,EFO,P9HIJI9F,9R,JD;,0FJE>QJIQ,3I>QK<P9ME>,3K>>;FJS,LDIQD,IH,JD;
L9>MOTH,ME>G;HJ,9Q;EF,QK>>;FJ,EFO,HDEP;H,9Q;EF,QI>QKMEJI9F,L9>MOLIO;8,UF,JDIH
>;GE>OS,9F;,V;N,REQJ9>,IH,JD;,LIFO(O>I:;F,KPL;MMIFG,9R,3% (>IQD,O;;P(LEJ;>
<EHH;HS,LDIQDS,OK;,J9,JD;I>,Q9<PE>EJI:;,LE><JDS,IFRMK;FQ;H,=9JD,JD;,HJE=IMIJN
9R,JD;,W;HJ,0FJE>QJIQ,UQ;,2D;;J,EFO,JD;,QE>=9F,=KOG;J,9R,JD;,29KJD;>F,%Q;EF8

%F,JD;,=EHIH,9R
H;OI<;FJ,Q9>;HS
JD;,J;E<,9R
>;H;E>QD;>H
IF:;HJIGEJ;O
P>;QIPIJEJI9F(
O>I:;F,QDEFG;H
IF,H;OI<;FJ
IFPKJ,IF,JD;
/EQIRIQ,9RR,JD;
Q9EHJ,9R,3DIM;8
0HH;HHIFG,JD;
PEHJ,@,<IMMI9F
N;E>HS,JD;N
IO;FJIRI;O,LDEJ
E>;,VF9LF,EH
P>;Q;HHI9F
QNQM;HX,QDEFG;H
QEKH;O,=N
FEJK>EM,:E>IEJI9FH,IF,JD;,"E>JDTH,9>=IJEM,PE>E<;J;>HY,IF,JDIH,QEH;S,QNQMIQEM
QDEFG;H,IF,JD;,>9JEJI9F,9R,IJH,EZIH,JDEJ,9QQK>>;O,>9KGDMN,;:;>N,?@S666,N;E>H8
3DEFG;H,IF,JD;H;,EFO,9JD;>,9>=IJEM,QNQM;H,E>;,G;F;>EMMN,Q9FHIO;>;O,J9,=;,E
<E[9>,O>I:;>,R9>,JD;,EMJ;>FEJI9F,=;JL;;F,;ZJ;FO;O,GMEQIEMH,EFO,IFJ;>GMEQIEMH
9:;>,JD;,PEHJ,<IMMI9F,N;E>H8C

&@?;0@3>7

/@;4394

,915;95

! ,->EFV,#E<N

" \7A]7^@_7`a@(@?@A

#

B:@4@7

!
2K=HQ>I=;,J9,0WU,P>;HH
>;M;EH;,*22,R;;O

!G@

-:5

+;7414=45

&D;,0MR>;O,W;G;F;>
UFHJIJKJ;,PK>HK;H
>;H;E>QD,IF,JD;,P9ME>
>;GI9FH,EFO,JD;,9Q;EFH,9R
<IO,EFO,DIGD,MEJIJKO;H8,0H
9F;,9R,JD;,@A,Q;FJ>;H,9R
JD;,!;M<D9MJb
0HH9QIEJI9F,IJ,Q99>OIFEJ;H
P9ME>,>;H;E>QD,IF
4;><EFN,EFO,P>9:IO;H
HDIPH,MIV;,JD;,>;H;E>QD
IQ;=>;EV;>,/9ME>HJ;>F,EFO
HJEJI9FH,R9>,JD;
IFJ;>FEJI9FEM,HQI;FJIRIQ
Q9<<KFIJN8

?

,->EFV8#E<NcELI8O;

/K=MIQ,<;OIE
/>;HH,<;OIE

https://www.awi.de/en/
https://www.awi.de/en/
https://www.awi.de/en/
https://www.awi.de/en/
https://www.awi.de/en/
https://www.awi.de/en/
https://www.awi.de/en/
https://www.awi.de/en/
https://www.awi.de/fileadmin/_processed_/d/8/csm_Figure_1_PNAS_fa464afe59.jpg
https://www.awi.de/fileadmin/_processed_/d/8/csm_Figure_1_PNAS_fa464afe59.jpg
javascript:linkTo_UnCryptMailto(%27thpsav1Myhur5ShtfGhdp5kl%27);
https://multimedia.awi.de/#1556635427461_0
https://multimedia.awi.de/medien/
https://www.awi.de/en/pressreleases.rss
https://www.awi.de/en/pressreleases.rss
https://www.awi.de/en/pressreleases.rss
https://www.awi.de/en/pressreleases.rss
https://www.awi.de/en/pressreleases.rss
https://www.awi.de/en/pressreleases.rss
https://www.awi.de/fileadmin/_processed_/f/6/csm_chilesediment_tmo_2019182_lrg_1a393da53a.jpeg
https://www.awi.de/fileadmin/_processed_/f/6/csm_chilesediment_tmo_2019182_lrg_1a393da53a.jpeg
https://www.awi.de/fileadmin/_processed_/a/0/csm_20160117_Aufnahme_Schwerelot_HGrobe_a55f937bde.jpg
https://www.awi.de/fileadmin/_processed_/a/0/csm_20160117_Aufnahme_Schwerelot_HGrobe_a55f937bde.jpg
https://www.awi.de/fileadmin/_processed_/d/8/csm_Figure_1_PNAS_8a7160ee0f.jpg
https://www.awi.de/fileadmin/_processed_/d/8/csm_Figure_1_PNAS_8a7160ee0f.jpg
https://www.awi.de/en/about-us/service/press/archive/archive-single-view?no_cache=1&tx_smsnews_news%5Baction%5D=download&tx_smsnews_news%5Bcontroller%5D=News&tx_smsnews_news%5BfileReference%5D=48173&type=99&cHash=296f7ccc94ec8dc141da7837d556a03c
https://www.awi.de/en/about-us/service/press/archive/archive-single-view?no_cache=1&tx_smsnews_news%5Baction%5D=download&tx_smsnews_news%5Bcontroller%5D=News&tx_smsnews_news%5BfileReference%5D=48173&type=99&cHash=296f7ccc94ec8dc141da7837d556a03c
https://www.awi.de/en/about-us/service/press/archive/archive-single-view?no_cache=1&tx_smsnews_news%5Baction%5D=download&tx_smsnews_news%5Bcontroller%5D=News&tx_smsnews_news%5BfileReference%5D=48184&type=99&cHash=694934869b3708f3e2e5b0a8e6b7c9d5
https://www.awi.de/en/about-us/service/press/archive/archive-single-view?no_cache=1&tx_smsnews_news%5Baction%5D=download&tx_smsnews_news%5Bcontroller%5D=News&tx_smsnews_news%5BfileReference%5D=48184&type=99&cHash=694934869b3708f3e2e5b0a8e6b7c9d5
https://www.awi.de/en/about-us/service/press/archive/archive-single-view?no_cache=1&tx_smsnews_news%5Baction%5D=download&tx_smsnews_news%5Bcontroller%5D=News&tx_smsnews_news%5BfileReference%5D=48187&type=99&cHash=ec63671e7fae96f100991bfa57919df7
https://www.awi.de/en/about-us/service/press/archive/archive-single-view?no_cache=1&tx_smsnews_news%5Baction%5D=download&tx_smsnews_news%5Bcontroller%5D=News&tx_smsnews_news%5BfileReference%5D=48187&type=99&cHash=ec63671e7fae96f100991bfa57919df7
https://www.awi.de/en/about-us/service/press/archive/archive-single-view?no_cache=1&tx_smsnews_news%5Baction%5D=download&tx_smsnews_news%5Bcontroller%5D=News&tx_smsnews_news%5BfileReference%5D=48188&type=99&cHash=44e4c62ec2e02b731e1fe2143f384863
https://www.awi.de/en/about-us/service/press/archive/archive-single-view?no_cache=1&tx_smsnews_news%5Baction%5D=download&tx_smsnews_news%5Bcontroller%5D=News&tx_smsnews_news%5BfileReference%5D=48188&type=99&cHash=44e4c62ec2e02b731e1fe2143f384863
javascript:linkTo_UnCryptMailto(%27thpsav1Myhur5ShtfGhdp5kl%27);
https://multimedia.awi.de/#1556635427461_0
https://multimedia.awi.de/medien/


I3"&/#0)3(.&1)30)2$(2*(3"#$%&'()$(0"&(23&#$J
#0/2'1"&4&('6'0&/()$(0"&(I2,0"(K#3)*)3()$(32/1#4)'2$D
0"42,%"2,0(0"&(14&3&'')2$(363+&'(;L5DMMM(6&#4'H:
;<4#1")3=(>&+%&(?4@D(ABCH

d0J,RI>HJ,IJ,LEH,DE>O
J9,;ZPMEIF,LDN,JD;
QDEFG;H,IF,JD;
Q9<P9HIJI9F,9R
Q9FJIF;FJEM
H;OI<;FJH,KP,J9
JD;,H9KJD;>F
<E>GIF,9R,JD;
0JEQE<E,1;H;>J,IF
F9>JD;>F,3DIM;
IFOIQEJ;O
P>9F9KFQ;O
P>;QIPIJEJI9F
:E>IEJI9FH,9:;>,JD;
?@S666,N;E>HS,=KJ
M;HH,P>9F9KFQ;O
:E>IEJI9FH
JD>9KGD9KJ,JD;
M9FG;>(J;><,QNQM;H

9R,IFJ;>GMEQIEMH,EFO,GMEQIEMHSe,>;QEMMH,H;OI<;FJ9M9GIHJ,!;MG;,0>b,]#;I=FIb,UFHJIJKJ;
R9>,fEMJIQ,2;E,*;H;E>QD,WE>F;<gFO;_8

&D;,FEJK>;,9R,JD;,PD;F9<;F9F,LEH,KMJI<EJ;MN,O;QIPD;>;O,LIJD,JD;,EIO,9R
0<;>IQEF,QMI<EJ;,<9O;MM;>,h9DF,3DIEFG,]+FI:;>HIJN,9R,3EMIR9>FIES,f;>V;M;N_X,d%K>
QMI<EJ;,<9O;MH,HD9L,JDEJ,JD;,P>;QIPIJEJI9F,QDEFG;H,>;Q9>O;O,IF,JD;,H;OI<;FJ
Q9>;H,E>;,Q9FF;QJ;O,J9,JD;,Q9FRIGK>EJI9F,9R,DIGD(EMJIJKO;,LIFOH,9:;>,JD;
HK=J>9PIQEM,/EQIRIQ8,UF,JDIH,>;GE>OS,JD;,OI:IHI9F,9R,JD;,DIGD(EMJIJKO;,LIFO,QDEFG;H
IFJ9,E,F9>JD;>FS,HK=J>9PIQEM,=>EFQDS,E,<IOOM;,=>EFQDS,EFO,E,HK=P9ME>,=>EFQD,IF,JD;
Q9K>H;,9R,JD;,?@S666(N;E>,QNQM;8e

d&D;,HJKON,P>9:IO;H,JD;,RI>HJ,;:IO;FQ;,9R,M9FG(J;><,QDEFG;H,IF,JD;,DIGD(EMJIJKO;
LIFOH,9R,JD;,H9KJD;>F,L;HJ;>MN,LIFO,=;MJ,9:;>,JD;,29KJD,/EQIRIQSe,;ZPMEIFH,1>
->EFV,#E<N8,d%K>,RIFOIFGH,IFOIQEJ;,QM9H;>,EJ<9HPD;>IQ,JI;H,=;JL;;F,JD;,J>9PIQH
EFO,<IO,J9,DIGD,MEJIJKO;H,JDEF,IF,9JD;>,H;QJ9>H,9R,JD;,29KJD;>F,!;<IHPD;>;S,LIJD
Q9FH;iK;FQ;H,R9>,GM9=EM,9:;>JK>FIFG,QI>QKMEJI9F,EFO,JD;,HJ9>EG;,9R,EJ<9HPD;>IQ
3% CIF,JD;,9Q;EF8e

&D;,J;E<TH,RIFOIFGH,E>;,EMH9,I<P9>JEFJ,LIJD,>;GE>O,J9,KFO;>HJEFOIFG,QK>>;FJ,EFO
;HP;QIEMMN,RKJK>;,ME>G;(HQEM;,QMI<EJ;,<;QDEFIH<H,IF,JD;,Q9<PE>EJI:;MN,KFO;>(
>;H;E>QD;O,29KJD;>F,!;<IHPD;>;8,%F;,Q>KQIEM,EHP;QJ,IH,JD;,Q9KPMIFG,9R,JD;
J>9PIQEM,/EQIRIQ,LIJD,JD;,H9K>Q;,9R,JD;,GM9=EM,QMI<EJ;,PD;F9<;F9F,"M,)Ij9
29KJD;>F,%HQIMMEJI9F,]")2%_,EFO,JD;,W;HJ,0FJE>QJIQ8,&D;,OEJE,HD9LH,JDEJ,JD;
W;HJ,0FJE>QJIQ,UQ;,2D;;JTH,DIGD,H;FHIJI:IJN,J9,")2%,IF,JD;,/EQIRIQ,H;QJ9>S,LDIQD
QEF,=;,H;;F,IF,HEJ;MMIJ;,9=H;>:EJI9FH,<EO;,9:;>,JD;,PEHJ,R;L,O;QEO;HS,IH,<9HJ
MIV;MN,EMH9,HIGFIRIQEFJ,9:;>,<KQD,M9FG;>,JI<;,HQEM;H8,d0,QDEFG;,IF,JD;,DIGD(
EMJIJKO;,LIFOH,9:;>,JD;,29KJD,/EQIRIQ,IF,>;HP9FH;,J9,JD;,IFQ>;EH;O,R>;iK;FQN,EFO
IFJ;FHIJN,9R,"M,)Ij9,;:;FJH,JDEJ,<EFN,QMI<EJ;,<9O;MH,P>;OIQJ,L9KMO,>;OKQ;,JD;
HJE=IMIJN,9R,JD;,W;HJ,0FJE>QJIQ,UQ;,2D;;JS,LDIM;,EMH9,F;GEJI:;MN,I<PEQJIFG
3% CHJ9>EG;,IF,JD;,29KJD,/EQIRIQSe,HENH,#E<NS,PKJJIFG,JD;,RIFOIFGH,IF,P;>HP;QJI:;8

N81<1;306D=G019341@;

&D;,HJKON,LIMM,=;,PK=MIHD;O,9F,)9:;<=;>,kS,?6@A,EH,EF,9P;F,EQQ;HH,E>JIQM;,IF
JD;,9FMIF;,P9>JEM,/)028

&D;,9>IGIFEM,JIJM;,IHX,->EFV,#E<NS,h9DF,38!8,3DIEFGS,4;<E,$E>JlF;b($mFO;bS,$I;V;
&DI;>;FHS,!;MG;,W8,0>bS,h9NQ;,f9H<EFHS,1I;>V,C!;==;MFS,-E=>IQ;,#E<=;>JS,#;HJ;>
#;<=V;(h;F;S,hEF(f;>;FO,2JKKJXC/>;Q;HHI9F,<9OKMEJI9F,9R,JD;,29KJD,/EQIRIQ
L;HJ;>MN,LIFO,=;MJ,9:;>,JD;,PEHJ,<IMMI9F,N;E>HSC/>9Q;;OIFGH,9R,JD;,)EJI9FEM
0QEO;<N,9R,2QI;FQ;H,9R,JD;,+FIJ;O,2JEJ;H,9R,0<;>IQE,]/)02_CC

?

?

nO9I89>Gn@68@6^a
nPFEH8@A6k`7^@@o

!"#$%&'(%)%*%$'+*,-+-.-
!"#$!%#&'('")&*+$,-.*,/%#0*(
+)1,$""*"2-%*23!+)4

https://www.awi.de/fileadmin/_processed_/5/7/csm_Figure_3_PNAS_eff477c1a0.jpg
https://www.awi.de/fileadmin/_processed_/5/7/csm_Figure_3_PNAS_eff477c1a0.jpg
https://doi.org/10.1073/pnas.1905847116
https://doi.org/10.1073/pnas.1905847116
https://doi.org/10.1073/pnas.1905847116
https://doi.org/10.1073/pnas.1905847116
https://www.awi.de/en/
https://www.awi.de/en/
https://www.awi.de/en/
https://www.awi.de/en/
https://www.awi.de/en/
https://www.awi.de/en/
https://www.awi.de/en/

