
Refining chronologies by dating pollen concentrates –
new approach of separating pollen using flow cytometry

!"#$%&'(")*&+$,"'--1.)Nadine Pickarski1, Irka Hajdas2, Thomas Litt1 !"#!$#%!%!! !"#$%$&$'()*(+')#,%'",'#-(."%/'0#%$1()*(2)""
" !)"(2'34( 561#%,#-(789(:;0%,6

!

!

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

"$01,20*+#)%13!45678!9$22!
: -;)2, <",*)0<=-;! 5!
45775!9$22!
>-.&!688?@A5<A8BA!
C,D!688?@A5<A8E8!
#-F1$#GH2)<I$22&J-!
KKK &H2)<I$22&J-!

9$22L!76&6A&867A!

MNOPQ:RO>S>!9TNN!U!'-#!:-F1$# U!45678!9$22!

:/QONORV/Q!
C:OQ':OV/<=OW/QW(R<

MNOPQ:RO>S>!
!

'-#! :-F1$#!

!!!!!!

KKK&866X,+#-&H2)<I$22&J-!

!

"#$%&'()*+,*$!-).!/0 12304!
-*#*&!56)76)89*!:*&+;$!%*)!<$+=*)&+9>9!?6$$!

!

R-+#!;--+#1-!',Y-2!H2J!/-##-2 L!!

J)-!M2)Z-#0)1[1!9$22!I-%)2J-1!0)*+!)Y!\H%I#H*+]!N)*+1!^H.-1^1!JH#*+!J)-!_QD-..-2^R1#,1-;)-`!J-0!9H2J-0!
H2J!J-#!W[2J-#!)01!Z)-.-0!)2!9-K-;H2;!;-#,1-2&!()1!)+#-2!Ca#J-#-210*+-)JH2;-2!01-..1!J)-0-!Ca#J-#Y,b<
2,+Y-!J)-!=-)*+-2!%c#!J)-!K-)1-#-!Q21K)*F.H2;!J-#!J-H10*+-2!/$*+0*+H..,2J0*+,%1&!',#cI-#!+)2,H0!
01-+1!J,0!^K-)+H2J-#1X[+#);-!M2)Z-#0)1[10XHI).[HY!I-Z$#L!-)2!Q#-);2)0L!J,0!K)#!Z$#!,..-Y!2H1^-2!K$..-2L!
HY!H20-#-!;H1-2!9-^)-+H2;-2!^H!",#12-#2!)22-#+,.I!H2J!,Hb-#+,.I!J-#!M2)Z-#0)1[1!^H!01[#F-2!H2J!H20!
2$*+!-2;-#!Y)1!J-#!R1,J1!H2J!J-#!:-;)$2!^H!Z-#2-1^-2&!

9-)J-2!Q21K)*F.H2;-2!1#[;1!J,0!:-F1$#,1!:-*+2H2;L!)2J-Y!-0!,.0!0)*+1I,#-2!\H0J#H*F!J)-0-0!\H%I#H*+0!
-)2!2-H-0!W$;$!)2)1))-#1!+,1L!J,0!2H2!dH;!HY!dH;!-)2;-%c+#1!K-#J-2!K)#J&!',0!2-H-!R);2-1!Y)1!F.,#-2!
C$#Y-2!H2J!Y$J-#2-#!R*+#)%1!K,+#1!e$21)2H)1[1L!)2J-Y!-0!)2!,I01#,F1-#!=-)0-!-)2-2!>H#Y!J-0!/,Hf1;-<
I[HJ-0!0gYI$.)0)-#1&!',0!2-H-!'-0);2!;#-)%1!J)-!C,#I;-IH2;!J-0!I,#$*F-2!h-I[HJ-0!,H%L!$#)-21)-#1!0)*+!
;#,f+)0*+!K-)1;-+- 2J!,Y!I)0+-#);-2!'-0);2!H2J!0)*+-#1!0$!-)2-!;-K)00-!e$21)2H)1[1&!

',0!W$;$!01-..1!J-2!e-#2!J-0!V$#f$#,1-!'-0);20!iV'j!J,#L!J,0!K)-J-#HY!J)-!h-0,Y1+-)1!J-0!Z)0H-..-2!
Q#0*+-)2H2;0I).J0!H20-#-#!M2)Z-#0)1[1!#-;-.1&!\..-!\2;-+a#);-2!J-#!M2)Z-#0)1[1!9$22!0)2J!,H%;-#H%-2L!J)-!
:-;-.2!%c#!J)-!Z)0H-..-!h-01,.1H2;!^H!2H1^-2L!J)-!)Y!V'<(,2H,.!%-01;-.-;1!K$#J-2!0)2J&!Q0!)01!X-J$*+!2)*+1!
-#%$#J-#.)*+L!J,0!I)0+-#);-!W$;$!0$%$#1!JH#*+!J,0!2-H-!^H!-#0-1^-2&!9-)!,201-+-2J-2!N-H;-01,.1H2;-2!
+-.%-2!O+2-2!J#-)!h#,%)FIc#$0L!Y)1!J-2-2!J)-!M2)Z-#0)1[1!9$22!:,+Y-2Z-#1#[;-!H21-#+[.1&!

M20-#-!^-21#,.-!O2%$#Y,1)$200-)1-!#H2J!HY!J,0!2-H-!V'!)01!+11f3@@KKK&*J&H2)<I$22&J-&!/)-#!;)I1!-0!
2-I-2!J-Y!V' <(,2H,. !-)2!W$;$<",F-1!%c#!QD1-#2-&!=-)1-#-!W$;$0!H2J!-#01-!P$#.,;-2!%c#!9#)-%Ia;-2L!
C,D-!H2J!"$K-#f$)21<"#[0-21,1)$2-2!0$K)-!J)-!e$21,F1J,1-2!H2J!e$2J)1)$2-2!J-#!h#,%)FIc#$0!0)2J!)Y!
O21#,2-1!+)21-#.-;1!i,H%!J-#!V'<R-)1-!Z-#.)2F1k!J)#-F1-#!W)2F3!+11f03@@KKK&)21#,2-1&H2)<
I$22&J-@$#;,2)0,1)$2@Z-#K,.1H2;@J-^<?@+$*+0*+H.F$YYH2)F,1)$2@*Jj&!O2!ec#^-!K)#J!,H*+!J,0!P)0)1-2<
F,#1-2<9-01-..0g01-Y!J-#!/,H0J#H*F-#-)!,H%!J,0!2-H-!V'!HY;-01-..1&!

d,+.#-)*+-!O201)1H1-!H2J!Q)2#)*+1H2;-2!2H1^-2!-)2!R-FH2J[#.$;$&!')-0!0$..!,H*+!K-)1-#+)2!Ya;.)*+!0-)2&!
',#HY!K)#J!-0!-#01Y,.0!,H*+!-)2-!T%%)*-<9#)-%Z$#.,;-!;-I-2L!J)-!J,0!O21-;#)-#-2!-)2-0!R-FH2J[#.$;$0!
-#.-)*+1-#1&!=-)1-#-!P$#.,;-2!K-#J-2!I,.J!%$.;-2&!!

!()1!%#-H2J.)*+-2!h#cb-2!
!"#$%&'"%&()*+,-.&/#*+&
:-F1$#&

!\2!,..- !
O201)1H1-L!R-Y)2,#-!H2J!0$201);-2!Q)2#)*+1H2;-2!
0$K)-!J)-!P-#K,.1H2;!J-#!M2)Z-#0)1[1!9$22!
<!-)20*+.)-b.)*+!Me9!<!

!



PALEOVAN - Project at Lake Van

&'()*+,-'./+0)1',22 302)1)14.5'(,1,6,4)0*.78.9:+)14.-,6601.5,1501+(:+0*.; 10<.:--(,:5'.,2.*0-:(:+)14.-,6601.=*)14.26,<.58+,>0+(8 %

! ICDP funded deep drilling project at Lake Van in Eastern 
Anatolia (2004 and 2010)

! Analysis and reconstruction of the Quaternary climate in 
the Near East 

! Drilling at Ahlat Ridge carried out sedimentary 
succession of ca. !!"#$ , spanning over %""#"""#&'()*

© Authors. All rights reserved ! North-south trending *'+*$+,#-)./+0'#crossing main 
1(23(4 5(*+4and 670(28+9:' (PALEOVAN location - ;<=
$>*/ )
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Lake Van - Varvechronology

&'()*+,-'./+0)1',22 302)1)14.5'(,1,6,4)0*.78.9:+)14.-,6601.5,1501+(:+0*.; 10<.:--(,:5'.,2.*0-:(:+)14.-,6601.=*)14.26,<.58+,>0+(8 ?

! Interglacial layers are (44?(00&0($+4(2'9

! Varve counting provides possibility to create high resolution 
chronology

! Maximum age for the Holocene-Pleistocene-Transition is 
@<AB#3&5C#(&'00.D)

! E+*,)'-(4,& of ca. 3000 years to GSSP

! Seven volcanic ash layers (:)(& ) allow the correlation to 
other sedimentary profiles in Lake Van

! Comparison to existing varve chronology by !"#$%"## &'(")*(
+,--./( (.)(4:' ) shows missing varves/erroneous counting in 
lower part

! !" F#$'(*?)'$'42*#(>.3'#(49#>'0.D#)'/')'4,'#0(&')*#
G2'-7)(H#2.#3(0+9(2'#3()3'#,7).4.0.:&
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From Sediment to Pollen Concentrate

&'()*+,-'./+0)1',22 302)1)14.5'(,1,6,4)0*.78.9:+)14.-,6601.5,1501+(:+0*.; 10<.:--(,:5'.,2.*0-:(:+)14.-,6601.=*)14.26,<.58+,>0+(8 @

Initial volume of 
A=IJ=#,$K, 

depending on 
pollen conc.

Use of LF0M
removal of
carbonates

Use of LNM
dissolution of 

silicates

Ultrasonic 
sieving (A"#O$)

Cytometric 
analysis using 

/0.D#,&2.$'2)&
+012(34'5$"%/

AMS dating using 
gas ion source
+678(29:;<=/

Laser based 
$?02+-()($'2')

(4(0&*+*

Coarse sieving 
(=;#O$#mesh 

width)

Separation based 
on fluorescence 

activated cell 
sorting (N6FP)
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Flow Cytometry

&'()*+,-'./+0)1',22 302)1)14.5'(,1,6,4)0*.78.9:+)14.-,6601.5,1501+(:+0*.; 10<.:--(,:5'.,2.*0-:(:+)14.-,6601.=*)14.26,<.58+,>0+(8 $

1. Measuring intensity of refracted light on surface structure 
(/.)D()9#*,(22')#FSC and *+9'#*,(22')#SSC) 

! Indicator for size, shape and internal complexity of grains

2. Additionally measuring spectra and intensity of (?2.#
/0?.)'*,'4,'#*+:4(0*# of particles generated by various lasers1 2
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Scatter plots (each dot represents 1 particle) for 
identification of subpopulations (,&2.$'2)+,#
(4(0&*+*)

3. Morphological properties: No differentiation 
between *-.).$.)-7* (-+4Q, >0?') and 
9'2)+2?*(:)(& ) possible

4. Fluorescence signal: Separation of distinctive 
-.00'4 (-+4Q) and *-.)'* (>0?') is now possible

Application to (4(0&R', +9'42+/&and +*.0(2'populations of heterogeneous samples according to optical properties
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Results – Flow Cytometry

&'()*+,-'./+0)1',22 302)1)14.5'(,1,6,4)0*.78.9:+)14.-,6601.5,1501+(:+0*.; 10<.:--(,:5'.,2.*0-:(:+)14.-,6601.=*)14.26,<.58+,>0+(8 "

! Cytometric analysis allows ?4'S?+3.,(0#
+9'42+/+,(2+.4#of pollen and spores 

! Total pollen count varies widely (J"#"""#TB""#"""#
:)(+4*) and is independent of initial volume, 
sample depth, and sorting strategy

! Ratio of sporomorphs in pollen concentrate is 
largely U<"V#

! Some detrital particles with inherent color 
remain in concentrate after separation

! But recently developed strategy allows 
isolation of pollen concentrates with purity 
UB"V

! Sample weight (µg C) varies between A;#TA%"#O:#
,()>.4 and is *?+2(>0'#/.)#6WP#9(2+4:
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'()$)*)$(+'
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Results – AMS Dating

&'()*+,-'./+0)1',22 302)1)14.5'(,1,6,4)0*.78.9:+)14.-,6601.5,1501+(:+0*.; 10<.:--(,:5'.,2.*0-:(:+)14.-,6601.=*)14.26,<.58+,>0+(8 A

! B@C ages (green) .09') than varvechronology

! Good agreement in lower part of section

! X(- between varve counting and GSSP 
for onset of the Holocene can be ,0.*'9

! L+(2?*in sedimentation above tephra 1

! Y(49*0+9'*#due to )+9:'#-.*+2+.4

! P2(2+*2+,(0#')).)*#increase from ± 100 years in 
upper part to ± 170 years in lower part

! P,(22')+4:of all $'(*?)'$'42* varies 
between 2500 years around tephra 1-3 and 
700 years for tephra 5 and 7

! Large uncertainty below 2'-7)(#; , wide range 
in pollen ages © Authors. All rights reserved



Outlook

&'()*+,-'./+0)1',22 302)1)14.5'(,1,6,4)0*.78.9:+)14.-,6601.5,1501+(:+0*.; 10<.:--(,:5'.,2.*0-:(:+)14.-,6601.=*)14.26,<.58+,>0+(8 C

It is possible to :'4')(2'# !" F#(:'*#derived from -.00'4#,.4,'42)(2'* !

E+*,)'-(4,+'* concerning the Holocene chronology of Lake Van ,(4#>'#*.03'9.

Still, we need +$-).3'$'42* in sample preparation to +4,)'(*' pollen &+'09, while $+4+$+R+4:
risk of ,.42($+4(2+.4 .

8'0+(>0'#$'(*?)'$'42*# on .09 and )','42 ,()>.4 are necessary to exclude the 
contamination of the flow cytometry itself.

Further *($-0'* >'2D''4 the 2'-7)( layers are already taken, which will help do )'9?,' the 
*,(22')+4: of our AMS ages and further )'/+4' the L.0.,'4' ,7).4.0.:& ./ Y(Q' Z(4



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

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

!"#$%&'%()"%*+&,%-.(&$"(/.%-&/"%*#01+1(.2%!"#$%&'#()*+,*-+""

3/4%5"67%8#++$"."/ #69%:;"+%81(("<=&()%./0*1+('234 >%'&/%#7717(#60"%
9?/16@%0.(&$"(/10%#6#+.717

A"%()#6B%3/4%-#/&+16"%A"+(" '&/%)"/%)"+C%,1()%()"%DEF%GHI%:JF%
#6#+.717%#7%,"++%#7%()"%("#$%#(%()"%K#=&/#(&/.%&'%E&6%L"#$%M).71072%
567*08&#9:


