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The ocean temperature proxy TEX86 is founded on the 

distribution of cyclopentane rings associated with the archaeal 
membrane lipids, glycerol dialkyl glycerol tetraethers (GDGTs).  
Because GDGTs are ubiquitous in marine sediments, TEX86 
temperatures have been increasingly applied to a variety of marine 
settings from the Cretaceous through the Cenozoic. However,  some 
TEX86-derived paleotemperatures are known to substantially deviate 
from other proxy-based temeprature records, and appear to challenge 
our physical understanding of the climate system. These issues could 
be due, in part, to incomplete knowledge of GDGT production, 
transportation and preservation, or evolutionary effects that cause the 
TEX86 temperature calibration to deviate from modern relationships. 
Presently, there is no established criteria to determine the quality or 
veracity of TEX86 paleotemperatures.  

Here we report a potential method to assess the veracity of 
TEX86 temperatures using the close relationship between Ring Index 
(RI, weighted average number of cyclopentane rings in GDGTs) and 
TEX86 in the modern ocean, computed from surface sediment dataset 
published by Kim et al., (2010) and Ho et al., (2011) [1, 2]. 
Correlation between RI and TEX86 is no surprise because TEX86 is 
based on the observation that the average number of cyclopentane 
rings in the GDGT pool increases with growth temperature [3]. In 
other words, RI and TEX86 will always closely correlate if the GDGT 
distribution is temperature dependent, although RI represents the total 
weighted ring average while TEX86 represents a subset of GDGTs 
using four compounds. When RI and TEX86 values are decoupled, it 
suggests that environmental signals other than temperature influence 
the relative adundance of GDGTs. Indeed, the modern ocean RI-
TEX86 correlation disappears from samples associated with gas 
hydrates where GDGTs are derived from methanotrophic archaea [4]. 
Alternatively, when RI and TEX86 are related but their relationship 
deviates from the correlation expressed by modern ocean GDGT 
distribution, it likely implies that TEX86 is still reflecting temperature, 
but application of the modern calibration is no longer warranted and 
the precision of the TEX86 temperature is compromised. 

We evaluated the RI-TEX86 relationship using published and 
unpublished data from the Cretaceous to Cenozoic and demonstrate 
that in sample sets where the RI-TEX86 relationship resembles the 
modern calibration, TEX86 appears to produce temperature estimates 
that are more consistent, and in better agreements with other 
temperature proxies. In constrast, TEX86-derived temperatures often 
lack consistency and are less comparable to other available 
temperature proxies (e.g. Uk’

37, Mg/Ca) when the modern RI-TEX86 
correlation fails. 
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The degree of chemical equilibration (hereafter as Ke), defined 

as the cumulative mass fraction of the metalic core in equilibrium 
with the silicate mantle during the Earth accretion processes, greatly 
influences determination of the timing of the Earth core formation [1]. 
If Ke is larger than ~0.4, Hf-W chronology implies a fast accretion in 
less than 30 Myr for the Earth. Otherwise, Hf-W data can only be 
used to constrain the Ke instead of timing [1]. Here we use the two-
phase first-principles molecular dynamics (FPMD) [2] to constrain 
the solubility of light elements in liquid iron in equilibration with 
silicate melt at temperatures from 2500 to 4200 K, pressures from 20 
to 120 GPa, and two compositions simplified from the “O-bearing” 
and “Si-bearing” bulk Earth model compositions of McDonough [3]. 
The solubility data are then used in the simulations of the many 
possible accretion scenarios of the Earth as outlined in [4], 
considering magma ocean depth, homogeneous vs heterogeneous 
accretion etc. For each accretion route, we calculate the effective 
core-mantle equilibration degree (Ke),  
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where Kei and Wi are the core-mantle equilibration degree and the 
accreted mass fraction of the ith step, respectively. The successful Ke 
are selected based on the criterion that the resulting Earth’s core must 
meet the required density deficit [5]. The Ke in those successful 
simulations are all found to be larger than 0.57, implying that the 
core-mantle differentiation has to occur early [1], within 30 millions 
years from the beginning of the solar system as originally stated [6]. 

Additional simulations (all at 3200 K and 40 GPa) are also made 
to calculate the partition coefficients of several other light elements. 
Combined with the bulk Earth compositions of these elements [3], it 
is found Si, O, and S are the major light elements in the core while C, 
P, Mg, H, N, and He are the minor elements in the core. We show [7] 
that FPMD calculations lend strong support to the classical 
geochemical mass balance approach in accessing light elements in the 
core [3]. The impact of lower carbon content to the siderophile and 
chalcophile element distribution in the Earth’s core and mantle (e.g. 
core pumping of Pb) will need to be critically evaluated. And the 
helium partition coefficient of ~10-2 makes the core a plausible source 
of primordial helium alternative to the undifferentiated lower mantle 
[8].  
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