Integrative Interpretation of Thermochronometric Data: Application to Inversion Tectonic Settings*
Richard A. Ketcham®, Andrés Mora®, Ariel Almendral?, Mauricio Parra?, Wilson Casallas?, and Wilmer Robles?

Search and Discovery Article #41233 (2013)**
Posted October 31, 2013

* Adapted from an oral presentation given at AAPG International Conference and Exhibition, Cartagena, Colombia, September 8-11, 2013
**AAPG©2013 Serial rights given by author. For all other rights contact author directly.

'Jackson School of Geosciences, University of Texas, Austin, TX, USA (ketcham@jsg.utexas.edu)
Ecopetrol S.A. — Instituto Colombiano del Petréleo, Bucaramanga, Santander, Colombia

Abstract

Thermochronometric data provide a powerful way to build reliable time-temperature (t-T) histories in petroleum basins. Integrating
information from multiple samples into a single modeling framework is a challenge, but is likewise a necessary step forward for providing
refined and robust t-T histories. The challenges are particularly severe in inversion terranes where erosion has erased all synkinematic strata.
Here we apply two new computational tools for interpreting thermochronometric data that facilitate the joint use of multiple samples, to obtain
a continuous history of heating and cooling that would be extremely difficult to obtain using other tools. The first, Fetmove, is a finite element
solver that takes as input a series of detailed balanced cross sections, and solves the heat flow equation in 2D along with predicted
thermochronometric ages that can be compared against measured data. The key feature of Fetmove is a workflow that allows the interpreter to
engage in successive refinements of the structural model using the inferences provided by thermochronometric data. The second is new
functionality in the HeFTy software for inverse modeling of thermochronometric data that permits simultaneous modeling of samples down a
well or borehole. This extension forces attention on issues that have previously been relatively neglected in thermochronometry-based
modeling, in particular that of multiple provenance. The rewards in doing so include more robust modeling and interpretation and, in some
cases, insights concerning the unroofing histories of the source rocks that contributed to a given sedimentary unit.

Our pilot cases show that Fetmove applied in the deeply exhumed inversion faults of the Cordillera is ideal for getting high resolution t-T
histories along a 2d cross section, and the times at which potential petroleum source rocks were in the oil generation window. In contrast, the
improved HeFTy fits more to the case of structures displaying only moderate inversion and post-inversion unconformities and quiescence
based on borehole data. This is the case for the buried inverted half-grabens in the Magdalena Valley. In the first case, we found that oil
generation stopped after the Oligocene whereas in the second case there might be generation even today.
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Thermal history modeling (with HeFTy)

Time-Temperature History AFT: Track Length Distribution
035 == T =A==

« To answer the general question:
“What range of thermal histories
IS consistent with my data and my
assumptions”
— Fission-track
— Apatite and zircon
— (U-Th)/He
— Apatite zircon, many others
— Including “He/3He
— Vitrinite
 Some assumptions:
— Data are good
— Theory is good
— Data and theory adequate to e S, *_dows
explain your sample N tac-of de sirip 1

— Geology is correctly, if loosely, SOM

constrained BHIN XSEIN.X2N.
Hodder Not included




The Many-Sided Multi-Sample Problem

How do samples relate to each other?

Position with respect to each other,
Geography and the earth surface, as f(t)

What are the intervening structures,
what did they do, when did they do it?

Structure Kinetics
\ Deposition, burial, unconformities,
\ source/inheritance
\
\ Geothermal gradient; perturbations
\ due to faults, erosion, burial
Stratigraphy Thermal Characterize the thermochronometric

systems, and their variation

How do we define these relationships simply and generally, but also
realistically, or at least defensibly?
How do we make it easy?
Simplify
Match the tool to the job



New Tool #1: FETKIN

[Finite Element Thermo-KINematics]

Geography Based on Lock and Willet, 2008

Uses balanced cross section
Kinetics software (in this case, 2DMOVE,
by Midland Valley) to generate
kinematic history, uses 2D FE
solver to calculate resulting
\\ temperatures.

Structure

\
Stratigraphy Thermal Could potentially be adapted to
any reconstruction package.

A work-flow for using thermochronology to improve
balanced cross section reconstruction
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Step 1: Make and restore balanced
Cross sections

Meogena Molasse

]

‘alepcane - Middle Miccene

Mppear Cratacesas

Andaan Metemorphic Basemeni

Early Miocene
e, R

Early Faleacene
Casallas et al. Figure 5

Restoration incorporates a huge amount of geologic information
Timings only loosely constrained by stratigraphy



Step 2: Match horizons and faults, find

where sections are out of balance
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Step 3: Convert sections to vector
fields, run thermal model
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Step 4: Compare with thermochon data

(O AFT Coliected Samples
Q AFT Fetmove Forward Modeling

gal.thl e

z
£
&

¥ B 136 2Ee1.1Ma

.
)r_en-' 423 1 BeldMa
| _ CEAE d41Ma

Distance (km)

e e

By 182 Z3:0

Casallas et al. Figure 7a




L] g
AL TS I Lat Z*A /
M0 I T ..!Unuwtho' m
-

]
.\ NG 06 LD 16 04

T IRU R T -
TR DIRSL DM 4 MR LN

CAROMEE LI e e

TN SIS A . v
PAY OIS LS A TALT L LD W AR
4« XAA
B v "
A\.’:.J!.c‘ro P Bt ...Moou *A

Casallas et al. Fig. 7b

g
L
3
E
i
z
2
g
o
£
®
2
N
\ 4

A ZFT Collected Samples
* ZHe Collected Samples




Step 5: Back to step 17
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Generate thermal solutions for petroleum system modeling
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New Tool #2: Multi-sample HeFTy

Geography

Mainly for samples down boreholes
at this point.

Structure Kinetics

\
\

\
\

Principal issue addressed thus far
IS stratigraphic relationships:
iInheritance, burial, unconformities.

Stratigraphy Thermal



Samples down a well:
Simple Strat

Well
profile
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Discern provenance uplift rate
Estimate missing section

File Edit Models Window Help
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Implications for petroleum systems

 Fetkin

— Ideal for high-resolution t-T histories, timing of
source rocks in oll generation window
« Eastern Cordillera
 OIl generation stopped after Oligocene

+ HeFTy

— Better for moderate inversion with quiescence
and post-inversion unconformities
« Magdalena Valley
* OIl generation possibly ongoing
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