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ABSTRACT. Oak and pine samples housed at the Institute of Botany, University of Hohenheim, are the backbone of the early 

Holocene part of the radiocarbon calibration curve, published in 1993 (Becker 1993; Kromer and Becker 1993; Stuiver and 

Becker 1993; Vogel et al. 1993). Since then the chronologies have been revised. The revisions include 1) the discovery of 41 

2) a shiftQ.f 54. yr for theQkkst. past-s. The oak chronology, was also g y gy missln ears In the o.B.1Q ..a p,art back into the d 
extended with n samples as. far back as 10,429 BP (8480 BC). In addition, the formerly tentatively dated pine chronology 

(Becker 1993) has been rebuilt and shifted to an earlier date. It is now positioned by 14C matching at-11,$71-9900 BP (9922- 

7951 BC) with an uncertainty of ±20 yr (Kromer and Spurk 1998). With these new chronologies the 14C calibration curve can 

now be corrected, eliminating the discrepancy in the dating of the Younger Dryas/Preboreal transition between the proxy data 

of the GRIP and GISP ice cores (Johnsen et al. 1992; Taylor et al. 1993), the varve chronology of Lake Gosciaz (Goslar et 

al. 1995) and the pine chronology (Becker, Kromer and Trimborn 1991). 

INTRODUCTION 

After Bernd Becker's death in February 1994, we tried to close the so-called "Hallstatt gap", which 

was a gap in Hohenheim chronology as it existed in 1993. To accomplish this, the authors at Hohen- 

heim checked the correctness of each single sample of the Hohenheim chronology, using modern 

methods to check their dating. If there was reason to doubt the correctness of the ring-width pattern 

originally measured, the samples were measured anew. This task was supplemented by an identifi- 

cation of trees with growth disturbances caused by insect damage; such trees were excluded from 

the chronology. This triple check, and a comparison with the Gottingen oak chronology, confirmed 

Becker's work for the most part but also located two weak points in the oak chronology, and one in 

the Preboreal pine chronology. These minor revisions in the two long Hohenheim chronologies, and 

the collection of new samples that enabled the backwards extension of the oak chronology by almost 

500 yr, resulted in a new link to the Preboreal pine chronology. Both the extension and the revisions 

are explained in this paper. 

COMPARISON OF HOHENHEIM AND GOTTINGEN CHRONOLOGIES: THE 41-YR SHIFT AT 5242 BC 

The two South German oak chronologies from Hohenheim and Gottingen were constructed based 

on wood collected during the last 30 years (Leuschner 1992; Becker 1993). Most of the wood for 
Main River, near the Franconian town of both chronologies comes from gavel in_ the bed of the g-.A.,.. 

g o one e another in most parts. A compar- Bamber . The chronolo ies were established independently 
,f.:.. tl , 

ison of both chronologies revealed a 41-yr offset in the pre-5242 BC part. Detailed investigations 

showed that these 41 years were missing between 5242 and 5283 BC (7191 and 7232 BP)4 from the 

Hohenheim chronology as published in 1993. The difficulty was caused by two samples labeled 

Sand 29 and Sand 33, which had been measured erroneously. After renewed measurements of these 

samples and the reestablishment of the pre-5100 BC section independently from the Gottingen chro- 

nology, formerly undated tree sections covering the missing years were located and inserted into the 
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4Conversion from BC-age to BP-age: BP-age = BC-age + 1950- 1. (The 1 must be subtracted due to the lack of the year zero 

in the BC time scale.) All BP ages in this paper represent real calendar years unless otherwise indicated. 
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Hohenheim chronology. This resulted in a perfect ring-width synchronization of the Hohenheim to 

the Gottingen oak chronologies back to the end of the absolute Gottingen chronology at 7197 BC 

(9147 BP) (Leuschner 1992) (Fig. 1). The pre-7197 BC part of the Hohenheim chronology also dis- 

plays perfect synchronization to a 578-yr-long floating sequence in the Gottingen chronology. B th 

long oak chronologies from Germany are now, for the first time, mutually corroborative back to 

7736 BC (9685 BP). 

7280 

250 

200 

150 

100 

50 

250 

200 

150 

100 

50 
5340 5320 

7260 

5300 

cal BP 
7240 7220 

5280 5260 
cal BC 

7180 7160 

Hohenheim-Chronology State '93 - Gottingen-Chronology 
Hohenheim-Chronology State '97 

5240 5220 5200 

Fig. 1. Similarity of the Gottingen and Hohenheim chronologies in 1993 (State '93) and in 1997 (State '97) after the cor- 
rection of the Hohenheim chronology. The statistical parameters after the correction are: Gleichlaufigkeit = 77.9%, 
t-valueBaillie = 82.0 

BRIDGING THE WEAK POINT AT 7800 BC: THE 54-YR SHIFT 

All samples from the rivers Main, Regnitz and Naab (Main River chronology) were reexamined, 
disclosing a weak point at 7800 BC. During this period, the overlap was too short and the number of 
samples too low to qualify as a dendromatch. The overlap of the older "floating" part with the 
younger absolute oak chronology was only 35 yr long. Becker (1993) tried to improve this situation 
using the tree sample "Stettfeld 181 ", but this synchronization was not convincing and the tree was 
removed from the chronology. As a consequence, the pre-7792 BC section of the chronology, which 
had formerly been absolutely dated, was declared to be a floating 230-yr-long oak section (Kromer 
et al. 1996). 

During the work reported here, four trees were found bridging this gap. The 210-yr-long chronology 
of these trees, labeled "bridging section", displays convincing similarity to the absolute part of the 
chronology and to the floating section, when the floating section is shifted back 54 yr (Fig. 2). The 
combination of the 41-yr and the 54-yr shifts pushes the oldest samples of the previously published 
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Fig. 2. Bridging the weak point at 7792 BC with a group of four trees (bridging section). The floating section has to be 

shifted by 54 yr to older ages (95 yr if the 41-yr shift at 5242 BC is included). Statistical parameters: bridging section! 

floating section, Gleichlaufigkeit = 72%, t-valueBa;iiie = 5.2; bridging section/absolutely dated oak-chronology, Gleich- 

laufigkeit: 68%, t-valueBa;ii;e; 6.6. 

oak chronology back to 8117 BC. Accordingly, the absolute oak chronology started at 8117 BC 

(10,066 BP). 

With these errors recognized, the dendroscale of the Hohenheim oak chronology and consequently 

the 14C calibration curve has to be revised. The previously published pre-524. (-.191.BP)w}4C 

calibration must be shifted by 41 yr (Kromer et al. 1996) and the pre-7792 BC (pre-9741 BP) 14C cal- 

ibration must be shifted by 95 yr (41,± 54) ta,.lder ages. Both corrections solved hitherto existing 

problems in the 14C calibration described in Kromer and Spurk (1998). Newly dated samples with 

shifts differing from the 41-yr or 54-yr shifts are labeled in Table 1. 

TABLE 1. Numbers of the Oak Samples with Shifts Differing from the 

41-yr or 54-yr Shifts 

Heidelberg Lab No. Shift to older ages 

8510, 8511, 8518, 8519, 8524, 8525, 8544 11 yr 
8141, 8140, 8144, 8244 30 yr 
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EXTENSION OF THE OAK CHRONOLOGY BACK TO 8480 BC 

Besides those already mentioned, new trees were found that enabled an extension of the absolutely 
gy was dated oak chronology back to 848,0 BC (10,429 BP). This was done in two steps. First, a tree 

found that fitted onto the end of the absolute oak chronology and extended it back to 8239 BC 

(10,188 BP). Second, a 507-yr-long floating chronology from the upper Rhine valley (Rhine chro- 
nology 9b) was linked to the absolute part of the chronology, which was established primarily with 
wood from the Main River. Here, key positions are occupied by three trees (Rhine chronology 9a) 
showing perfect ring width synchronization to the absolute part, as well as to the Rhine chronology 
9b (Fig. 3). As a result, the Rhine chronologies 9a and 9b were absolutely dated, extending the abso- 
lute oak chronology back to 8480 BC (10,429 BP). 
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Fig. 3. Extension of the absolute oak chronology with samples from the Rhine River back to 8480 BC. A group of 3 trees 
(Rhine Chronology 9a) could be dated with the absolute Main chronology. This group perfectly matches the 507-yr-long 
floating sequence from the Rhine River (Rhine chronology 9b), thus anchoring this sequence. 

Matching 14C data of decadal samples from the oak extension to those of Preboreal pine resulted in 
a new, reliable 14C link between the absolute oak chronology and the Preboreal pine chronology (see 
next section). 

LINKING THE PREBOREAL PINE CHRONOLOGY WITH THE OAK CHRONOLOGY 

In 1993 the Preboreal pine chronology (PPC) was dated by 14C and tentatively linked to the oak 
chronology by B. Becker (1993). In 1996 this tentative link was revised by the authors. Detailed 
investigation into the long-term 14C trend and the absence of convincing dendrochronological simi- 
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larity between the two chronologies resulted in a 120-yr backward shift of the PPC, with a confi- 

dence interval of ca. ±80 yr (Bjorck et al. 1996). 

Now that the oak chronology starts prior to the 14C plateau at 880014C yr BP, it displays the sharp 
14C age increase between 8900 and 920014C yr BP, which can be seen in the 14C calibration curve 

of the PPC (Kromer and Spurk 1998). By wiggle-matching the 14C pattern in both chronologies, the 

PPC can now be linked very reliably, resulting in a PPC interval of 9922-7951 BC (11,871-9900 

BP)5 with an uncertainty of ±20 yr only. 

A dendrochronological linkage of the two chronologies is in preparation, but the realization is prob- 

lematic due to the diversity of species originating from different rivers (the PPC is established 

mainly with wood from the Danube River). Even if this attempted linkage proves to be unfeasible, 

the Hohenheim chronologies provide a high-resolution time scale for nearly the last 12,000 years. 

REVISION OF THE PREBOREAL PINE CHRONOLOGY 

In 1997, when the PPC was established anew, a weak period between 9350 and 9250 BC (11,299 and 

11,199 BP) became apparent, dividing the PPC into an older and a younger part. In the "weak" 

period the growth of the trees was very strongly disturbed, resulting in missing rings. In some trees 

no ring was formed for 3 to 5 consecutive years. The older part and the younger part of the PPC 

could be joined, however, by a tentative dendro-link. This required shifting the older part 31 yr to 

older ages with respect to the 1993 stage. In terms of dendrochronology this linkage is considerably 

better than the earlier link, but it still has to be confirmed by additional trees (Fig. 4). The younger 

part of the PPC reaches from 7951 BC to 9375 BC (9900 to 11,324 BP) and the older part from 9222 

to 9922 BC (11,171 to 11,871 BP). 

14C measurements at Heidelberg support this tentative link. They connect the younger and the older 

part at exactly the position of the dendro-synchronization (Fig. 5). We therefore continue to use the 

PPC as a single chronology, based on the tentative link of the older and younger part (Fig. 6). 

With respect to the absolute time scale of the PPC as previously published (Becker 1993; Kromer 

and Becker 1993), the internal revisions of the PPC result in time shifts of differing amounts, all to 

older ages (Table 2). 

TIMING OF THE YOUNGER DRYAS/PREBOREAL TRANSITION 

With the new dating of the PPC there is now evidence that the transition of the Younger Dryas to the 

Preboreal is reflected in the ring width of the pines (Bjorck et al. 1996). In the oldest part of the pine 

chronology the ring width is very narrow and the rings appear similar to those of pines from the 

alpine timberline, where summer temperature is the growth-limiting factor (Schweingruber, Briffa 

and Jones 1991). At 11,530 ± 20 BP the ring width suddenly doubles, indicating better growing con- 

ditions. The trees growing in this manner were found at six different sites spread over >70 km, 

excluding the possibility of a local event. Better growing conditions could be caused by better water 

supply or higher temperatures, or a combination of both. This implies a climatic change in South 

Germany at 11,530 ± 20 BP, which can be related to the Younger Dryas/Preboreal transition. In the 

5At the 16th International Radiocarbon Conference in Groningen an age of 9952 to 8012 BC and a shift of 304 yr was pre- 

sented. Both figures need to be corrected. In the first place, a change resulted when the PPC was newly established after the 

conference. Second, the incorrect labeling of some samples sent to Heidelberg entailed an incorrect shape for the 14C curve 

of the PPC, which was used to create the linkage with the absolute oak chronology. 
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Fig. 4. Tentative ring-width linkage of the younger and the older part of the PPC. (Gleichlaufigkeit = 62%, t-valueBa;u;e 

= 3.0). This linkage needs to be confirmed by additional trees. The growth of the trees is disturbed and rings are missing, 
complicating the linkage of both parts. The synchronization is supported by the '4C wiggle-matching. 

Greenland ice cores the rapid transition of the 6i80 data took place at 11,550 ± 90 BP (GRIP: 
Johnsen et al. 1992) and 11,640 ± 240 BP (GISP2: Taylor et al. 1993), respectively. At 11,440 ± 120 
BP there is an abrupt increase of 6180 in the Lake Gosciz data record, combined with changes in ter- 
restrial and lacustrine vegetation (Goslar, Arnold and Pazdur 1995). Furthermore, when the 6180 

record of the Lake Goscii is related to the PPC by 14C wiggle-matching, the increase of the 6180 

and the increase in ring width takes place at the same time (T. Goslar, personal communication). 
Records from Europe now match well, and taking into account the uncertainty of the time scales, it 
is possible that the Younger Dryas/Preboreal transition in Greenland and Europe occurred simulta- 
neously. 

CONCLUSION 

The comparison of the two long South German oak chronologies entailed a revision of the pre- 
5242 BC part of the Hohenheim chronologies but also confirmed the time scale back to 7792 BC. The 
reexamination of the pre-5100 BC samples and the reestablishing of the Hohenheim oak chronology 
resulted, moreover, in an extension of the oak chronology back to 8480 BC. This enabled a 14C link- 
age of the Preboreal pine chronology with an uncertainty of ±20 yr, whereby the pine chronology 
was shifted to older ages. The PPC was established anew resulting in a younger and an older part, 
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TABLE 2. Ages and the corresponding shifts of the PPC samples. "cal 

BC 1993" refers to the age from the previous publications (Becker 

1993; Kromer and Becker 1993), "cal BC 1998" to that from 1998. 

Lab 
code cal BC BC code BC BC 

(Hd-) 1993 Shift 

13511 -9439 -231 

13512 -9429 -231 

13525 -9409 -231 

13526 -9389 -231 

10567 -9385 -221 

10568 -9355 -221 

12888 -9323 -231 

12945 -9309 -231 

12959 -9304 -231 

12960 -9289 -231 

12964 -9279 -231 

14220 -9254 -231 

14159 -9229 -231 

12999 -9219 -231 

13000 -9199 -231 

12967 -9194 -231 

12968 -9184 -231 

12981 -9174 -231 

12982 -9159 -231 

9097 -9159 -214 

9098 -9144 -214 

9118 -9127 -214 

9119 -9107 -214 

9126 -9087 -214 

9127 -9067 -214 

9134 -9047 -211 

9810 -9042 -206 

9969 -9038 -205 

9135 -9022 -214 

9811 -9026 -206 

9970 -9015 -206 

9153 -9002 -214 

9807 -9007 -206 

9808 -8991 -205 

13009 -8989 -205 

9836 -8983 -206 

13010 -8974 -205 

9837 -8972 -206 

13059 -8954 -205 

13087 -8936 -205 

13088 -8866 -200 

13094 -8844 -200 

13016 -8829 -200 

13017 -8809 -200 

13018 -8794 -200 

14231 -8784 -200 

9844 -8925 -42 

9853 -8911 -42 

9864 -8891 -42 -8933 
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which were tentatively linked together. As a consequence, the previously published 14C calibration 
curve has to be revised prior to 5242 BC according to the corrections of the Hohenheim chronolo- 
gies. 

With these revisions, the Hohenheim chronologies provide a high-resolution time scale for nearly 
the last 12,000 years. The new situation has enabled the resolution of apparent discrepancies with 
other long data records involving the timing of the Younger Dryas/Preboreal transition. 
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Fig. 6. Range of the Hohenheim chronologies before (state '93) and after (state '97) the revisions and extensions (thick- 

lined rectangles with various fill patterns = oaks, thin-lined rectangles with vertical fill = pines). The revisions of the 

oak chronology are shown in three segments. The youngest segment is shifted by 41 yr (crosshatched fill); the middle 

one by 54 yr (diagonal fill). As a result of these shifts the earliest segment is moved by 95 yr (diagonal fill). The chro- 

nologies from the Main River (RiM) and Rhine River (RiR) are synchronized, extending the oak chronology back to 

8480 BC. The pine chronology is linked to the absolutely dated oak chronology by 14C measurements with an uncer- 

tainty of ±20 yr. The PPC is divided into an older and a younger part that are synchronized tentatively. The Gottingen 

chronology and the Hohenheim chronology are mutually corroborative back to 7736 BC. 
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