doi: 10.1038/nature09044 nature

SUPPLEMENTARY INFORMATION

| - b )y
b bbby Bl
(e R [k il o Ve e

' 1; fa;l.lgi.tfc'.‘lliéé;l

Schematic diagram showing how the '*Be/’Be ocean isotope proxy serves as tracer of global
terrigenous input variations to the oceans. The constant-flux atmosphere-produced
cosmogenic isotope '°Be is mixed with the mostly riverine terrigenous stable isotope *Be
when present in the dissolved form in the oceans. Both isotopes are scavenged at roughly
equal rates into chemical deposits such as authigenic pelagic sediment and into hydrogenous
ferromanganese crusts. There the isotope ratio is preserved back through time and, after
correction for radioactive decay of '°Be (T, = 1.39 My), can be used today to infer past
variations of ’Be input through changes in weathering and erosion. Figure A1 shows that this
ratio was unchanged in the Atlantic, the Pacific, and the Arctic Ocean over the last ~12 My.
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"Be/ Be ratios in Fe-Mn Crusts and Sediment Cores

Previously published Fe-Mn crusts and ocean core data that are presented in this manuscript have
been modified from their original published state in a two ways that are described here and shown in
Tables A1 and A2 and Figure Al.

First, the accepted value for the half-life of 'Be has been modified from that used in the
publications. There have been several determinations of the half-life of '’Be in the past and most
published ocean core and crust data were calculated using a half-life that is no longer widely
supported. Values adopted by the cosmogenic community in the past have varied between 1.34 My
and 1.51 My. Recently, a consensus was reached within the cosmogenic community that the half-life
must be less than the previously widely used 1.51 My value (see Granger, 2006 and Nishiizumi et al.
2007 for details). Two new studies have reached a value of 1.387 My + 0.012 My (Chmeleff et al.,
2010; Korschinek et al., 2010) by independent techniques. Knowing and adapting to this lower half-
life is important for calculating old (e.g. >1 My) Fe-Mn crusts and core ages and is crucial for
restoring the '°Be/’Be ratio to its original value at the time of deposition to understand past ocean
chemistry. We report the old and new values and thicknesses of crusts in Table Al and ocean core
depths sampled in Table A2. In cases in which both the growth rate of the crust or the sedimentation
rate and the initial '’Be/’Be ratio is constant, the '’Be/’Be ratio versus crust thickness or core depth are
best represented by a straight line in a log-normal plot (Fig Ala-c).

Using the '°Be/’Be ratio in Fe-Mn crusts or the authigenic phase in core sediment, the decay of
""Be may be used for dating according to the following equation:

t =In (R/R,)/(-\) (Appendix-Eq. 1)

where R, is the measured '’Be/’Be ratio at time, t, R, is the initial ratio at the time of sedimentation and
M is equal to In(2)/half-life of the decaying nuclide (‘’Be), which is 5.0x10” y™ according to the new
estimate (Chmeleff et al., 2009; Korschinek et al., 2009). The decrease of the measured authigenic
phase '°Be/’Be ratio with depth of ocean core gives an estimate of the rate of sedimentation (Bourlés,
1988; Frank et al., 2008). Likewise, the decrease of the measured 'Be/’Be ratio with Fe-Mn crust
thickness gives an estimate of the growth rate (Ku et al., 1982; von Blanckenburg et al., 1999). To
determine the initial ratio of '*Be/’Be, we use the growth rate of the best fit-derived decay line to back-
calculate the ratio at the time of Fe-Mn crust growth or sedimentation. Steady growth rates and the
decay constant produce one unique solution. Sediment cores may be dated and their initial '°Be/’Be
ratios can be determined in a similar way. Hiatuses in the sedimentary record are clearly disjointed
series of measurements as seen in Frank et al. (2008).

Second, Bourleés et al. (1989) reports independently determined age estimates for the sediment in
the core to restore the values to their initial ratio at the time of deposition. However, much progress
has been made in the accepted magnetic timescale chronology since Bourlés et al. (1989) constructed
their sedimentation curve. As noted in Granger (2006), the new timescale of Ogg and Smith (2004)
should be used for this core. We calculate initial ratios with this new timescale and with the new '’Be
half-life of 1.39 My.

Third, further independent support is provided by the recently developed Os isotope stratigraphy
for ferromanganese crusts CD29-2 and ALV-539 (Klemm et al., 2005; 2008), which agrees very well
with the age information derived from '°Be/’Be for the past 10 Myr thus supporting the near constancy
of the deepwater '’Be/’Be over the past 10 Myr.

Using both methods to calculate initial ratios, constant '°Be/’Be ratios result for the past 10 My.
These ratios also agree with those measured today on surface scrapes of Fe-Mn crusts in the Atlantic
and Pacific Oceans (Fig. Ald-Ale). In Arctic areas affected by sea ice, new biostratigraphic data and
""Be/’Be data on the adsorbed phase on sediment suggest that the '’Be/’Be ratio has increased within
the past 0.5 My (Sellén et al., 2009).

www.nature.com/nature 2



doi: 10.1038/nature09044 SUPPLEMENTARY INFORMATION

Thus far, back-calculating the initial core sediment and Fe-Mn crust '°Be/’Be ratios at the time of
deposition has relied on a number of assumptions concerning growth rate and how an increased flux of
terrigenous °Be to the ocean would be manifested in the '’Be/’Be ratio. As a sensitivity test plotted in
Figure A2, we modeled hypothetical curves showing the '’Be/’Be ratio versus crust depth for modeled
25% higher and lower crust growth rate for two Pacific Fe-Mn crusts that span the full range of growth
rates for the dataset in Table Al. Fe-Mn crust data are not consistent with a 25% different modeled
growth rate even for samples with high analytical uncertainties. New ages of the Fe-Mn crust data
were calculated using the modeled 25% higher and lower growth rates in order to calculate the initial
'“Be/’Be ratios from the time of deposition. These ages were then used to determine the modeled
initial ratio assuming radioactive decay as in Fig Ald. We note that a 4-fold increase in apparent rates
of terrigenous sediment accumulation in the ocean at 5 My (Hay et al., 1988) would be accompanied
by a 4-fold increase in the flux of *Be. Even a 25% lower growth rate does not produce such a change
in the modeled initial '’Be/’Be ratio.

We then modeled the core and Fe-Mn crust '’Be/’Be ratios versus crust depth for data and for
changes in the °Be flux to the oceans. First , we assume that the *Be flux to the ocean increases as the
flux of terrigenous sediment to the oceans increases and that both follow the apparent rates of
terrigenous sediment accumulation in the oceans during the last 15 My according to Hay et al. (1988)
(Fig. A3a). We also keep the modern '’Be/’Be ratio at its present value. The resulting curve shows that
terrestrial material flux into the oceans of Hay et al. (1988) is not reflected in the '°Be/’Be ratios. This
disparity between modeled expectation and data may be because either the apparent terrestrial fluxes
were not real terrestrial fluxes, as described in the main text or that there was some compensating
factor. In order to increase the *Be and maintain the constant *Be observations, a decrease in crust
growth rate is required. A decrease in the Fe-Mn crust growth rate could balance increased *Be fluxes.
However, with increased *Be and presumably coeval increases in other metal concentrations in the
ocean, we would expect that Fe-Mn crusts would instead have an increased growth rate. Moreover, the
RC65-12 core with independent chronology from magnetostratigraphy does not show this required
increase in sedimentation rate in the recent part of the record. In fact, the sedimentation rate in this
core decreases toward the present. We also model the effect of abrupt increases in *Be with magnitude
of terrigenous flux through time from Hay et al. (1988). Such an abrupt increase produces a
discontinuity in the curve which is not apparent in the crust or core data.

Meteoric "’Be and *Be input through Dust

The flux of dust to oceans potentially provides an additional component to the '’Be/’Be ratio
through time. von Blanckenburg et al. (1996) provided an initial assessment of the potential of changes
in the effect of dust on the '’Be/’Be ratio and found that °Be originating from dust does not explain the
large fluxes of *Be to the oceans. Although the interpretation given in von Blanckenburg et al. (1996)
is correct, the calculations provided in this study did not take into account the contribution of '’Be on
the dust particles as well. Adding this component of the dust decreases the potential of dust as a major
source of “Be. Based on a modification of the analysis of von Blanckenburg et al. (1996) to include
both '’Be and °Be fluxes to the ocean, Figure A4 shows the potential contribution of dust to the
'"Be/’Be ratio. Note that unrealistically high degrees of dissolution are still required to balance the
ocean ‘Be budget, suggesting that another ‘Be source is required. Adding '°Be to the analysis
strengthens the original argument.

If rates of dust dissolution in the oceans are ~10% (Brown et al., 1992) and average concentration
of °Be in dust is ~2.3 ppm (Chester, 1990), then the annual global dust flux of ~10° mg m™y™' (Jickells
et al., 2005) mostly intercepts the possible dissolution rates between 1 and 2 orders of magnitude
above the observed '’Be/’Be ratio. These relationships are plotted in Fig. A4 for various degrees of
dust dissolution. Even if the ocean chemistry was such that all dust was completely dissolved on
entering the ocean (100% dissolution line), dissolution rates for terrigenous matter would likely also
be higher than normal. Variable concentrations of '°Be on dust range from a maximum of 10"’ atom g
! (Baumgartner et al., 1997) to a possible minimum of 10" atom g (Sugden et al., 2009; Willenbring
and von Blanckenburg, 2010). Assuming 10% dissolution of clay minerals (Brown et al., 1992), the
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flux only reaches the expected '’Be/’Be ratio of 1x10” within the center of a dust plume when the dust
fluxes are 10* mg m” y™'. However, our database of cores and crusts have locations that span areas of
known dust plumes. Yet, all cores show similar behavior over time, indicating that if dust flux is a
factor in contributing *Be in some areas and if erosion rates had changed over these intervals, a change
in the dust flux or terrigenous erosion would have had opposite magnitudes. Core and crust locations
are also in nearly open water which should give a globally averaged flux of *Be to the ocean and
minimize effects of specific geologically active regions contributing to a local signal (Igel and von
Blanckenburg, 1999, von Blanckenburg and Igel, 1999).

Paleo CO, proxies

Figure A5 shows the raw data used for the shaded bands that span pCO, estimates and their
uncertainties shown in the main text, Figure 1. Data points are from ocean proxies (Royer et al., 2004)
and stromatal indices (Royer et al., 2004; Kiirschner et al., 2008). Recent alkenone estimates are those
cited in (Pagani et al., 2010) encompassing the pCO, data and uncertainties.
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a. Pacific Ocean Fe-Mn crust '°Be/°Be
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a. Fe-Mn crust '°Be/’Be with 25% growth rate uncertainty
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Figure A2. a.) Fe-Mn crust '’Be/’Be ratios versus crust depth and for modeled 25% higher and lower crust
growth rate. Modeled lines and data are shown for the highest growth rate of the crusts in Table A1 (Nova IX
D137-01) and the crust with the lowest growth rate (CD29-2) in Table Al. Note that the data including their
analytical uncertainties are not consistent with a 25% different modeled growth rate. b.) As a sensitivity test,
new decay-corrected '’Be/’Be ratios of the Fe-Mn crust data were calculated using the modeled 25% higher (red

and orange) and lower (blue and green) growth rates.

We note that a 4-fold increase in apparent rates of

terrigenous sediment accumulation in the ocean at 5 My (Hay et al., 1988) should be accompanied by a 4-fold
increase in the flux of "Be. Even a 25% lower growth rate does not produce such a change in the '*Be/’Be ratio

of this magnitude.
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a. Modeled Fe-Mn crust '’Be/°Be for increasing *Be with time
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Figure A3. Fe-Mn crust '°Be/’Be ratios versus crust depth for data and for modeled changes in the *Be flux to
the oceans. a.) The dashed line plotted here assumes that the *Be into a Fe-Mn crust increases proportionally to
the constant '°Be flux as the flux of terrigenous sediment to the oceans increases and that both follow the
apparent rates of terrigenous sediment accumulation in the oceans during the last 15 My according to Hay et al.
(1988). b.) The dashed line plotted here assumes that there was an abrupt increase (4-fold) in the flux of *Be to
the oceans at 5 My. Such an abrupt increase is not apparent in the crust or core data.
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Figure A4. The modelled contribution of dust possibly contained within the ocean ratio of '“Be/’Be. This
analysis was modified from that of von Blanckenburg et al (1996) by adding meteoric '’Be adsorbed to dust
particles. Variable concentrations of %Be on dust of 10" atom g (solid lines) and 107 atom g (dashed lines)
represent the maximum reported concentrations (Baumgartner et al., 1997) and the low concentrations typical of
areas with high erosion rates that could contribute large quantities of dust (Sugden et al., 2009; Willenbring and
von Blanckenburg, 2010). While desorption of meteoric '’Be was assumed to be 100% throughout, the fraction
of ’Be entering seawater in the dissolved form was approximated by using various degrees of dust dissolution.
Reported rates of dust dissolution in the oceans are ~10% (Brown et al., 1992) and average concentration of *Be
in dust is ~2.3 ppm (Chester, 1990). Ferromanganese crusts show a ratio that only intersects the global dust flux
line at an unrealistic value of 100% dissolution. The above analysis shows that the annual global dust flux of ~1
gm?y' (stippled bar: Jickells et al., 2005) mostly intercepts the possible dissolution rates (gray and black lines)
between 1 and 2 orders of magnitude above the observed '°Be/’Be ratio. Even if the ocean chemistry was such
that all dust was completely dissolved on entering the ocean, dissolution rates for terrigenous matter would likely
also be higher than normal.
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Figure AS5. Late Cenozoic atmospheric CO,. The CO, data include those data cited in the compilation in
Royer et al. (2004) and are derived from a number of independent proxies. These show approximately steady
atmospheric concentrations from mid-Miocene to pre-industrial values. Proxies in the Royer et al. (2004)
compilation include: boron isotopes in planktonic foraminifera (purple circles), stomatal distribution in the
leaves of C; plants (green triangles), the 3'"°C of alkenones (blue squares). More recent data that are not cited in
the Royer et al. (2004) compilation are included in this figure such as those Pliocene 8" C of alkenones
represented as blue bands spanning data ranges given in Pagani et al. (2010). In addition, the figure shows mid-
Miocene CO, estimates from stromatal distribution in leaves from Kiirschner et al. (2008). Data cited in Liithi et
al. (2007) shown in the figure with a thin black line extends the Antarctic ice bubble record to ~800 ky up to
recent time.
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Table A1. Fe-Mn crust "°Be/Be ratios, depth, and ages

SUPPLEMENTARY INFORMATION

- Depth | ""Be/’Be | "Be/’Be | Age from Mean | Age from Time-corrected
e Decay Growth Growth

5 measured | Error | Calculation | Rate Rate "°Be/’Bejnt | Error
Reference mm x107 x107 My mm/My My x107 x107
o von Blanckenburg et al., 1996 0.0 1.1200 0.112 0.00 0.00 1.120 0.112
§ N 1.5 0.7100 0.071 1.30 1.24 1.17 1.277 0.128
oL 3.4 0.3000 0.025 3.02 2.75 1.187 0.097
2 g Ling et al., 1997 4.5 0.2280 0.019 3.57 3.60 1.380 0.116
Ta v 67 00844  0.009 5.56 5.38 1244 04127
* 8.4 0.0381 0.006 7.15 6.76 1.118 0.179
L 114 0.0145 0.002 9.08 9.23 1.461 0.155
von Blanckenburg et al., 1996 0.0 1.1600 0.090 0.00 0.00 1177 0.091
- 0.7 0.8250 0.068 0.68 1.88 0.37 0.994 0.082
i 3.2 0.5700 0.090 1.42 1.70 1.334 0.211
9% 5.9 0.1840 0.020 3.68 3.13 0.882 0.096
g E Ling et al., 1997 8.0 0.0748 0.022 5.48 4.25 0.626 0.184
o & 11.0 0.0369 0.007 6.90 5.82 0.676 0.128
= 13.0 0.0258 0.005 7.61 6.91 0.815 0.171
L 15.8 0.0149 0.003 8.71 8.37 0.977 0.171
20.5 0.0083 0.004 9.89 10.89 1.914 0.973
Segl et al., 1989 1 1.4200 0.086 0.00 0.29 1.642 0.099
3 0.8300 0.028 1.07 3.44 0.87 1.283 0.044
5 0.6300 0.036 1.63 1.45 1.302 0.075
R 7 0.3980 0.025 2.54 2.03 1.100 0.070
;g 9 0.2580 0.014 3.41 2.61 0.953 0.051
E 1 0.1920 0.010 4.00 3.19 0.948 0.051
o 13 0.1510 0.013 4.48 3.77 0.997 0.086
:‘3 15 0.1270 0.010 4.83 4.36 1.121 0.092
< 17 0.0820 0.011 5.70 4.94 0.967 0.131
E 19 0.0580 0.008 6.40 5.52 0.915 0.125
Q 21 0.0530 0.013 6.58 6.10 1.117 0.275
E 23 0.0340 0.004 7.46 6.68 0.958 0.116
25 0.0280 0.006 7.85 7.26 1.055 0.219
27 0.0320 0.010 7.59 7.84 1.612 0.492
29 0.0200 0.003 8.53 8.42 1.347 0.193
31 0.0160 0.004 8.97 9.00 1.441 0.351
33 0.0100 0.002 9.91 9.58 1.204 0.226
36 0.0070 0.001 10.63 10.45 1.302 0.180
0.5 1.1880 0.243 0.27 0.10 1.247 0.255
P 3 0.9670 0.199 0.68 5.17 0.58 1.293 0.266
~ 6.5 0.7050 0.145 1.31 1.26 1.322 0.272
g 10 0.5610 0.114 1.77 1.94 1.476 0.300
< van de Flierdt et al., 2004 14.5 0.3440 0.012 2.75 2.81 1.399 0.049
% 19 0.2160 0.044 3.68 3.68 1.358 0.277
3 24 0.1590 0.033 4.29 4.64 1.621 0.336
z 28.5 0.0910 0.019 5.41 5.51 1.434 0.299
455 0.0150 0.006 9.01 8.80 1.224 0.490
N 0.5 0.7620 0.162 0.05 0.28 0.875 0.186
E 3 0.3550 0.074 1.57 1.81 1.66 0.813 0.169
o . 6 0.1280 0.031 3.61 3.31 0.671 0.163
g | vandeFlierdtetal, 2004 10 00450  0.001 5.71 5.52 0713 0.016
‘O'_ 17.5 0.0070 0.005 9.43 9.67 0.880 0.628
w 24 0.0060 0.004 9.74 13.26 4.541 3.027
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SUPPLEMENTARY INFORMATION

von Blanckenburg etal, 1996 | 05 04330  0.026 0.00 0.18 0.473 0.028
18 03880 0014 0.22 2.83 0.64 0.533 0.019

23 03460  0.014 0.45 0.81 0.520 0.021

_ 28 02990  0.016 0.74 0.99 0.491 0.026
S 35 02580  0.009 1.04 1.24 0.479 0.016
s 45 02130 0012 1.42 1.59 0.472 0.027
< o 73 01740  0.034 1.82 258 0.633 0.124
g | " B’a”Cke”fgg%a”d ONions. | g 0.1400  0.008 2.26 2.83 0576  0.035
£ 103 00659  0.006 3.77 3.64 0.407 0.035
2 12.8 00436  0.008 459 453 0.419 0.081
155 00242  0.002 5.77 5.48 0.375 0.031

185  0.0330  0.003 5.15 6.54 0.870 0.078

19.8 00436  0.006 459 7.00 1.447 0.212

215 0.0082  0.001 7.94 7.61 0.367 0.066

von Blanckenburg et al., 1996 0 0.3940 0.032 0.00 0.00 0.394 0.032

w _| von Blanckenburg and ONions. | 0.5 0.3230 0.012 0.40 1.74 0.29 0.373 0.014
%3 1999; O'Nions et al., 1998 175 02190  0.025 117 1.01 0.362 0.041
5 275 01796  0.008 1.57 1.58 0.396 0.018
=g 375  0.1410  0.006 2.06 2.16 0.414 0.018
@ 45 01040  0.007 2.66 2.59 0.379 0.026
535 00899  0.005 2.96 3.08 0.418 0.024

585  0.0598  0.009 3.77 3.36 0.321 0.047

65 00520  0.004 4.05 3.74 0.337 0.029

825 00394  0.003 4.61 474 0.422 0.028

875 00269  0.006 5.37 5.03 0.333 0.077

95 00239  0.004 5.60 5.46 0.367 0.061

112 0.0185  0.004 6.12 6.44 0.463 0.110
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Table A2. Sediment core "’Be/’Be ratio, depth, ages

SUPPLEMENTARY INFORMATION

Depth 'BefBe 'Be’Be AgeCalc Mean Age from Time-corrected Independent
g from Growth  Growth o o
o measured Error Decay Rate Rate Bel’Bei,t Error Chronology
Reference mcd x107 x107 My m/My My x107 x107 My
0.120 0.8580 0.0620 0.00 0.09 0.883 0.064 0.057
0.190 1.0630 0.0820 -0.43 1.38 0.14 1.101 0.085 0.070
0.310 0.8570 0.0750 0.00 0.22 0.897 0.078 0.091
0.890 0.6460 0.0560 0.57 0.64 0.696 0.060 0.149
1.100 0.8350 0.1200 0.05 0.80 1.033 0.149 0.426
1.210 0.7240 0.0920 0.34 0.88 0.942 0.120 0.527
1.580 0.6100 0.0530 0.68 1.14 0.815 0.071 0.580
1.740 0.6250 0.0550 0.63 1.26 0.913 0.080 0.757
2.250 0.5270 0.0540 0.97 1.63 0.822 0.084 0.889
2.625 0.3860 0.0450 1.60 1.90 0.772 0.090 1.387
3.925 0.2470 0.0220 2.49 2.84 0.594 0.053 1.754
5.300 0.1480 0.0140 3.51 3.83 0.557 0.053 2.652
. 6.100 0.1080 0.0100 4.14 4.41 0.662 0.061 3.626
2 7.350 0.0825 0.0076 4.68 5.32 0.644 0.059 4.109
'g 7.430 0.0700 0.0064 5.01 5.38 0.908 0.083 5.126
% Bourlés et al., 1989 8.250 0.0521 0.0049 5.60 5.97 0.699 0.066 5.193
© 8.650 0.0450 0.0041 5.90 6.26 0.852 0.078 5.882
o 9.450 0.0374 0.0041 6.27 6.84 0.808 0.089 6.145
g 11.250 0.0272 0.0037 6.90 3.65 6.96 0.688 0.094 6.461
12.275 0.0337 0.0053 6.47 7.24 1.155 0.182 7.069
12.625 0.0262 0.0024 6.98 7.34 0.900 0.082 7.073
14.150 0.0216 0.0034 7.36 7.76 0.764 0.120 7.131
15.650 0.0121 0.0012 8.52 8.17 0.530 0.053 7.559
16.425 0.0189 0.0031 7.63 8.38 1.024 0.168 7.986
17.225 0.0169 0.0015 7.85 8.60 1.019 0.090 8.198
18.350 0.0195 0.0025 7.57 8.91 1.305 0.167 8.407
18.450 0.0118 0.0011 8.57 8.94 0.915 0.085 8.701
19.475 0.0145 0.0018 8.16 9.22 1.139 0.141 8.727
21.175 0.0088 0.0011 9.16 9.68 0.790 0.099 8.994
21.910 0.0090 0.0008 9.11 9.88 1.009 0.090 9.438
22.550 0.0107 0.0012 8.77 10.06 1.320 0.148 9.630
23.675 0.0059 0.0006 9.96 10.37 0.791 0.080 9.797
2.31 0.3849 0.0117 0.00 0.16 0.416 0.013 -—-
4.64 0.8557 0.0257 -1.60 14.65 0.32 1.003 0.030 -—-
8.71 0.3445 0.0105 0.22 0.59 0.464 0.014 -—-
10.61 0.3135 0.0102 0.41 0.72 0.450 0.015 -—-
14.31 0.4108 0.0150 -0.13 0.98 0.669 0.024 -—-
16.19 0.3237 0.0105 0.35 1.1 0.563 0.018 -—-
21.93 0.1664 0.0059 1.68 1.50 0.352 0.012 -—-
24.86 0.2125 0.0064 1.19 1.70 0.496 0.015 -
30.86 0.1333 0.0049 212 2.11 0.382 0.014 -
35.62 0.0770 0.0028 3.22 2.43 0.260 0.009 -—-
39.12 0.1052 0.0038 2.59 2.67 0.400 0.014 -—-
43.76 0.0766 0.0037 3.23 2.99 0.341 0.016 -—-
48.19 0.0635 0.0034 3.60 3.29 0.329 0.018 -
m 52.84 0.0576 0.0024 3.80 3.61 0.350 0.015 -—-
B 60.8 0.0504 0.0024 4.07 415 0.401 0.019 -—-
< 65.3 0.0488 0.0023 413 4.46 0.453 0.021 -
x Frank et al., 2008 7154 00411 00019 447 4.88 0472  0.022
O 75.08 0.0445 0.0022 4.31 5.13 0.577 0.029 -
< 79.47 0.0708 0.0023 3.39 5.42 1.067 0.035 -—-
86.9 0.0305 0.0017 5.07 5.93 0.592 0.033 -—-
91.98 0.0288 0.0014 5.19 6.28 0.665 0.032 -—-
102.03 0.0179 0.0010 6.14 6.96 0.582 0.033 -—-
108.39 0.0148 0.0007 6.52 7.40 0.598 0.028 -
112.9 0.0248 0.0012 5.48 7.71 1.169 0.057 -—-
117.26 0.0081 0.0005 7.72 8.00 0.443 0.027 -—-
122.4 0.0079 0.0006 7.77 8.36 0.515 0.039 -—-
130.4 0.0062 0.0004 8.26 8.90 0.531 0.034 -—-
135.49 0.0060 0.0004 8.32 9.25 0.612 0.041 -
hiatus
140.44 0.0022 0.0004 10.33 11.59 0.722 0.131 -—-
147.29 0.0022 0.0003 10.33 12.05 0.912 0.124 -—-
151.28 0.0014 0.0003 11.23 12.33 0.665 0.143 -
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