Al ZEfTZE RV HEREZFICHE T I EEN - EEMBEORMSIZONT

B =R
R H R TR T

A Consideration of the Integration of Quantitative and Qualitative Research
in Geosciences Using Al Technology

ISO Shinichiro

Fukada Geological Institute

s MBS AT AOUFEAVEMICIE, WERYER ST CRESNDEET — 2 PK T T L &
g L9 B ERMOIET 7o —TF L, BRI IE 25 CRESN DB T — /L RU —
JIHESEWMINIRT 7 a—F OME R R R TH 5. Kim T, ATEMOREN Z O/t
FIRFZEDEB 2 RE L TWDH Z EIZOW T L 5. RS, ARET LR SETT L
(LLM) & W o7z ALEFND, EET —% LEWT — 2 &@a L, MTET VoL & BRI
IZHR D ETOMMBRE BT DR A T2,

AWFFETIE, A AT & LLM- ARSI U728 DO AN D — 7 7 0 — 2485 5.
ZOU—7 7 a—"TiE, WHEEEAICRT DWEEOMREBIRICBW T, YT ET A OERK
Bl b SN2 T AN DO - SHOARE VD 2 DOBEMRT, R L EIERFE
ORE#XD. FHZ, BUEET A BARS A MENEHR (W2 E) EFOFBE L ToF
TT 4 T ORHMEE RS 2 L T, T T N ORER~OIKRZ BIE . S5, 77473
v (IEHERR) AT OFERMZRIERNC LD, X0 BRI &G AE RS ATRE & 72 D 2 & &R

B Al RO EBNERIC LY, BRI BT 2RI AN T e —Fh 6%
BRRFIEE A~ TR L, K VIEWHIERS 25 ADOBMRICERNT 5 Z LW s 5. AR
TIRETHU—7 7u—%, WL MERMEEOM R Z RO A L, L EEEOR
THESET L OMEEAIRRICT 2 LW T a—F L s,

F—U— o NLARE, HEREN, e, HERESE, WFSEENS, ENERORIEE, ERARTgE,
ERET N, KEREEET IV, 77X 7 ay

Abstract: A comprehensive understanding of Earth systems requires integrating quantitative research
approaches based on numerical data and mathematical models, as used in geophysics, with qualitative
research approaches based on observational records and fieldwork, as traditionally employed in geology.
This paper discusses how the advancement in Al technology significantly facilitates this integration of
research methodologies.

We propose a new geological interpretation workflow that utilizes generative Al and large language
model (LLM) to bridge the gap between quantitative and qualitative approaches. This workflow focuses
on two critical integration points in solving geophysical inverse problems: generating initial subsurface
models and creating geological images and explanations from optimized models. Specifically, it aims to
achieve convergence to optimal geological models by evaluating the rationality of generated geological
information (such as outcrop sections) and their narrative explanations derived from numerical models.

Generative Al technology enables the creation of geological visualizations and interpretations, while
LLM and natural language processing facilitate the handling of qualitative geological knowledge and

contextual understanding. Furthermore, we suggest that future applications of abductive inference Al will
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enable more sophisticated interpretation and hypothesis generation in geological sciences.

Through the integrated use of these Al technologies, research in Earth sciences can evolve from

a person-dependent approach to a more objective research methodology. The proposed workflow

represents a novel approach that effectively combines geological and geophysical insights, enabling the

construction of more reliable subsurface structure models. This integration is expected to contribute to a

deeper understanding of Earth systems and standardize the fusion of qualitative insights with quantitative

analysis.
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