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ABSTRACT

Machine learning algorithms may be trained to predict data in areas where coverage is sparse. We make
use of a Stacking Regressor, which is a supervised machine learning algorithm consisting of individual
Decision Tree based ensemble estimators (Tuned Decision Tree, Tuned Random Forest, and Tuned
Gradient Boost), to predict heat flow and thermal conductivity in parts of Oregon, Idaho, California,
Nevada, and Utah. Decision Tree based ensemble methods are chosen for their ability to work on data
without scaling, dimensionality reduction, or normalizing. After required corrections and processing,
measured data are direct inputs, without modification, making this workflow adaptable to almost any
combination of datasets.

For this study, well and station data include heat flow, thermal conductivity, thermal gradient, bottom
hole temperature, and heat production. Gridded data include topography, Curie point depth, and magnetic
susceptibilities computed from a 3D inversion of magnetic anomalies. Two suites of machine learning
solutions are calculated: 1) heat flow is targeted, with remaining variables used to train algorithms, and 2)
thermal conductivity is targeted, with remaining variables used to train algorithms. Predicted heat flow
and thermal conductivity values are sampled onto a 5 km mesh, spanning over 1,000,000 km2. Note that
these results can be predicted at smaller mesh increments if desired.

Our results improve heat flow and thermal conductivity coverage by predicting anomalies where well and
station sampling are sparse. Regionally, high-resolution results are comparable to lower resolution
interpolated well and station data. Examples include broad geologic terranes such as the Coast Ranges,
volcanic regions, and areas dominated by high heat flow throughout northwest U.S. More locally, the
Snake River Plain (SRP) volcanic region in southern Idaho lies over a thermal anomaly that may extend
down to the upper mantle. It is one of the highest heat flow areas in the U.S. even though thermal
gradients are suppressed by the Snake River aquifer. Four wells were drilled at three sites in SRP,
HOTSPOT: The Snake River Plain Scientific Drilling Project (Sep. 2010 to Jan. 2012), to understand the
compositional and eruptive history of SRP volcanism. HOTSPOT results confirmed a deep hydrothermal
system in SRP, which was then used to characterize geothermal play fairways. We find that high
geothermal resource probability fairways generally correlate with our predicted results; that is, with
higher heat flow values, but with lower thermal conductivity values. We note, however, that predicted
heat flow and thermal conductivity anomalies do not precisely coincide with play fairway geometries;
therefore, we integrate our results with published fairways to high-grade prospective geothermal plays.



