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| Major Advancements in Al

GPT-1/2/3

(OpenAl, 2018-2020)
AIEXNet (Hinton, 2012) 1758 parameters

i
:

Bert
Generative Adversarial (Google 2018)
Nets (Bengio,2014)
Transformer
AlphaGo (Google Brain, 2017)
(DeepMind, 2015) =
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DALL-E (OpenAl, 2021)
Imagen (Google, 2022)

AlphaFold2
(DeepMind, 2021)

- rg.’
Uk %

ChatGPT
(OpenAl, 2022)

Claude3 (Anthropic, 2024.3)

Possesses powerful capabilities for inference
and generalization, with a 200K-token
context window.

Sora (OpenAl, 2024.2)

A landmark in text-to-video GenAl models,
powered by Diffusion Transformer (DiT).

Gemini (Google, 2023.12)

A multimodal foundation model with a 32K-
token context window; was upgraded to
Gemini 1.5 in February 2024, with a context
window limit of 1 million tokens.

GPT-4 (OpenAl, 2023.3)
LLaMA (Meta, 2023.2&7)

An open-source LLM that promoted the establishment of
an open ecosystem for foundation models.




| Key Capabilities of LLMs for Scientific Discovery

Accessing and analyzing scientific literature. Can LLM suggest relevant research papers, extract key information, and
summarize insights for researchers?

Concept clarification. Is LLM capable of explaining and providing definitions for scientific terms, concepts, and
principles, helping researchers better understand the subject matter?

Data analysis. Can LLM process, analyze, and visualize large datasets from experiments, simulations, and field
observations, and uncover non-obvious trends and relationships in complex data?

Methodology guidance. Could LLM help researchers choose the right experimental/computational methods and
statistical tests for their research by analyzing prior literature or running simulations on synthetic data?

Prediction. Is LLM able to analyze prior experimental data to make predictions on new hypothetical scenarios and
experiments (e.g., in-context few-shot learning), allowing for a focus on the most promising avenues?

Code development. Could LLM assist in developing code for data analysis, simulations, and machine learning across a
wide range of scientific applications by generating code from natural language descriptions or suggesting code snippets
from a library of prior code?

Hypothesis generation. By connecting disparate pieces of information across subfields, can LLM come up with novel
hypotheses (e.g., compounds, proteins, materials, etc.) for researchers to test in their lab, expanding the scope of their
research?
Microsoft Research Al4Science, Microsoft Azure Quantum. The Impact of Large Language
Models on Scientific Discovery: a Preliminary Study using GPT-4, Nov 2023.



| History of GeoGPT Development

m 2/2023: Several distinguished geoscience and Al scientists from DDE proposed to develop GeoGPT.

m 3/2023: Yungi Academy of Engineering, in response to the DDE’s mission of sharing global geoscience knowledge and
transform geoscience research, took the lead in developing GeoGPT. Transition of the GeoGPT project to Zhejiang Lab
in 9/2023.

m 7/2023: DDE invited 129 students/scholars to participation in data collection and annotation.

m 9/2023: DDE invited over 400 hundreds of Geoscientists to participate in GeoGPT annotation, eventually forming
about 89,000 QA pairs.

m 4/2023: Started exploring LlaMA-1-13B for GeoGPT.
m 12/2023: First version of GeoGPT ready for testing (LlaMA-2, Qwen-1, INF-66B from Fudan).

m 4/2024: Three agents (Image-to-Table conversion, PDF parsing for Question Answering and Extraction, Echart
Visualization) ready for testing. Demo at EGU-24.

m 5/2024: Completed the first version of RAG (retrieval augmented generation).
m 6/2024: Upgraded foundational models: LlaMA-3, Qwen-2.

B 7/2024: Included Mistral as one of the foundational models.



7= GeoGPT

Has a chatbot, but does much more

Create your own agent: commercialise it; download the model to run on your computer

@ Taxonomy Assistant

Assist palynologist in identification of spores in
species level, based on the spores
genera/species covered in Mike Stephenson's--

7S Yishan Cloud Rest (YCR)

The Poyang Lake Basin Research Assistant (YCR)
is a multidisciplinary intelligent Q&A system
focused on the Shan-Jiang-Hu Project, -

Free!

@ Taxonomy Assistant 2.1

Assist palynologist in identification of
palynomorphs in genera level, for most genera
in the {Genera File of Fossil Spores and-+-

Mineral Analysis and Forecast:--

An intelligent assistant specifically designed for
geological mineral exploration, equipped with
capabilities in data fusion, target area--

@ Yishan Cloud Trails (YCT)

Bird Migration Assistant: Mastering the Secrets
of the Avian World, Safeguarding Their Survival
and Reproduction.

Igneous Rock Scientist Assistant

Assisting scientists in researching deep Earth
material evolution, the growth of continental
crust, and mineralization mechanisms.

My Age! + Create Agent

. Assessment Assistant

Ohyrd0
[=] 6,

Assist in identifying and evaluating the risks of
international seabed mining area development.

@ Deep-Ocean Organism--*

High-precision recognition of 106 taxonomically
labeled deep-ocean biological morphological
species, covering spanning corals, echinoder--

,000 users in 140 countries

And there are many other tools.....

%
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What you see after registering

GeoGPT GeoGPT Newsroom Help ~ @ English ~

Geo!
A
W
A Non-Profit Exploratory Research Project

Get Started )

X

\ limage by Manuel Cortds Nofex from Faabay




Very comprehensive text tutorials

GeoGPT

Isar Manual

GeoGPT Operational User Guide

21, Model S
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1ching
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3. Knowledge Base Integration

4. Code Execunon

ure Search

3. Deep Discovery

4. My

Usage Scenarios

2. Purpase

erating Instructions
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4. Deeper €

Library

q
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6. Mc

6.1

t

5.3. Reader

4. ldea Generator

5.5, Map Chat

6. Map Generator

e Advanced Tools

Knowledge Grapt

.2. 30 Earth

! Teams

8. How 10 Requeast Additional Tools

[2] Video Tutorial  [[J User Manual

GeoGPT User Manual

GeoGFPT s 3 non |'.h'.f 1 Al system designed to assist geoscientsts in research, education, and innovation through
transparent, ethical, and respornsible Al wse

If you have any questions, please feel free Lo contact us at support.geagplEzhejianalab.or

GeoGPT Operational User Guide

1. Registration and Login

1.1. Registration

th your emall address and a

You can register an accou

Welcome to GeoGPT

To register, please go to the Registration page at hitg geoqpt-sq.zerodx.org/universa in/new, enter your

unregisterad amall address and the initial password for the account, then click Get Code, After recelving a venfication
code from your emaill box, enter it on the Registration page ‘Iﬂ-’lll',, check and agree 1o the .'..:]r,j;-mrr.r TYerms and click

Submit to complete your registration

1.2. Login
Once completing your registration, you can log in the website with one af the lollowing methods

¢ Emall and Password Login



Useful video tutorials

o O &1 https //geagpt-sg zem?x,org,rm:.rn.. Nype=wvideo ) a A" < 7 G f:' O s 9 Chat
GeoGPT [¥] video Tutorial [0 User Manual
0 an

[ My Library

5+ Rescarch ook
My Library Basic Feature Overview Agent Store Core Function Explanation Extractor Efficient Operation
A 1 5t — — —
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© Plugn My Library Basic Feature Ovesview Ageant Store Core Function Explanation Extractor Efficlent Operation
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© = e O @ O '~

Reader Basic Feature Demo Map Chat Basic Feature Demo How to Use the Plugin?
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Reader Basic Feature Demo Map Chat Basic Feature Demo How to Use the Plugin?

Documant QEA + Full-Tex! Transiation. Reading B \ Rogongl Ovarview + B Foatur nan } 7 Stoap-by Stup Gt



Using the chatbot

During the Paleozoic era, sedimentary rocks such as limestones and sandstones were deposited in ancient seas that
GeOGPT covered the area. Later, these sediments were subjected to heat and pressure, transforming them into the metamorphic
rocks found today.
m In addition to the metamorphic rocks, there are also igneous intrusions in the form of granites and other plutonic rocks.
— These intrusive bodies were emplaced during the Alpine orogeny and have since been exposed through erosion

o~

The landscape around Grenoble is dominated by steep mountains, deep valleys, and glaciers. Glacial activity during the

B8 Recent Chat .
Quaternary period has played a significant role in shaping the topography, carving out U-shaped valleys and leaving

behind moraines and other glacial deposits

The Isere River, which flows through Grenoble, has also contributed to the geomorphology of the area. It has cut a wide
valley, known as the "Grande Chartreuse,” and created alluvial deposits along its course

Overall, the geology around Grenoble is a testament to the dynamic processes that have shaped the Earth's crust over
millions of years. The combination of metamorphic, sedimentary, and igneous rocks, along with the influence of

glaciation and river erosion, has resulted in a unique and picturesque landscape
My Documents

My Datasets

Describe the geology of Nigeria
lools : ~

Agents e

Dialoque Scope




More advanced: using agents identification of brachiopods

GeoGPT - K & Back B Dpatabase L8] I< Records

m e Taxonomy e

Hello, I am a taxonomy assistant for brachiopod identification. I was trained based on the Brachiopod volumes (Revised) of
the Treatise of Invertebrate Paleontology, edited by the Geological Society of America and the University of Kansas (Williams
et al. 1997-2007). Please provide a description of your brachiopod specimen as complete as possible based on your
observations. You could provide information about its dimensions, morphology, shell structure, ornamentation and internal
an you provige a descrip characters.

B8 Recent Chat

View all
Il My Library
s+ Research Tools

Agent Store

Provide a compiete description of the brachiopod (morphology, dimensions, shell structure, ornamentation, internal

Extractor character

Reader - ;
a Transversely elliptical, low dorsal foid and ventral sulcus commonly developed, rarely shallow suicus in both valves;

teeth strong, dental plates extending as low ridges bounding elongatedly bilobate to broadly cordate muscle field, divided
medially by anteriorly elevated adductor ridge; cardinal procass typically with large lobate myophore in young stages,
o ST less prominent in adult a

0 Idea Generator

mikepalyno (=]



More advanced: using agents identification of fossil pollen

GeoGPT A Back D PDatabase ;. Records

— Welcome to the Taxonomy Assistant
“hat

A | - . v 3 1 1 | ' 11

’. As a palynological taxonomy assistant, I will gquide you on how to identify palaeopalynological genera step by step. Typically
Recent Chat paty ) y v fe y v f y p. Tyj v
e palynologist begins by observing wall or germination character, but also can note the general shape, ornamentation and

other features

My Library
Research Tools

Type a prompt: palynomorph
characters

eade
L] Idea Generator W

Pollen; grouped in tetrads,; inaperturate; exine reticulate g

mikepalyno



Map functions in GeoGPT



Prompt engineering



Exercise 1: Use the GeoGPT chatbot to
investigate the geology of your
hometown.



Exercise 2: Create your own library LLM

GeoGPT - | % | Deep & Deeper Discovery integrated - simpler operations, enh d deep search and high-quality reports.

&3 Recent Chat
[#}1 My Library
2+ Research Tools
() Agent Store
(£) Extractor
© Reader Hi, I am GeoGPT
) KG Builder
{3 1dea Generator

(® Map Chat

) Map Generator W

(17 Literature Reading = Image Recognition tusputs Geubigicel Mg £, Translation =4 Acadamic Search

R Oownload the extension B

mikepalyno

Cool¥ TR Praview 88 Deep Biscovery &

5 Code

@)

=
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Some of DDE’s founding members
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Why is African geodata so important?

As demand rises for energy and critical raw
materials:

Natural resources

* transform resource wealth into sustainable economic

development that benefits all e African nations are aiming at inward investment to

develop local industry from mining to energy to

* With appropriate controls can also conserve and enhance manufacturing to high value service industries

the natural environment in line with the sustainable

* also to get the best out of the resources that
development goals.

African nations choose to export

Flow of accessible geodata is key to local and inward foreign
investment: getting the best out of resources

"S,-\\::P ~ \\

/-,Deep-time
(‘ Digital Earth

UGS Big Science Program



What is DDE’s main aim?



Size of datasets

DDE is about fixing the long tail

Sensor data

. Structured and
Established data homogeneous

(Vp]
O
£ centres data
C
S
o Well curated Sensor based
&
Highly visible Large volumes

Datasets



Size of datasets

|IEDA/
EARTHCHEM

[

The geoscience data
landscape:

e Some centralised
systems (national,
|IEDA)

* Geological Surveys
* Industry

 Academia
(publications)

e Academia (grey)

Number of Datasets



Size of datasets

DDE provides the ‘wiring’

Linking geological
datasets to harness
their full potential:

* Deployment of Open
Science, Open APIs

e Standards, ontologies

* Deployment of ML
and Al

* Building communities

e Use cases, beyond
academia and
industry

Number of Datasets



It’s too difficult: you’ll never do it



Health science and big data: they did it!

T B} S The Journal of
——J Bone and Joint Surgery

Home | Current Issue | All Issues | Browse by: | CME |

The Journal of Bone & Joint Surgery, Velume 48, Issue 2

Journal Contents | March 01, 1954

Walking Patterns of Normal Men 3

M. PAT MURRAY; A. BERNARD DROUGHT; ROSS C. KORY

View Disclosures and Other Information

From the Phyzical Medicine and Rehabilitation Service, Wood Veterans Adminisiration Hospital, the Departments of
Physical Medicine and Medicine, Marguette University School of Medicine, and the Marquetie University College of
Engineering, Milwaukee

1964 by The Journal of Bone and Joint Surgery, Incorporated

The Journal of Bone & Joint Surgery. 1964; 46:335-360

Support The Guardmn Seorch pbn  Oating Asorin O Sewrch 'l‘ LN eedition

Fmten Y st ) Guardian

News Opinion Sport Culture Lifestyle Mo

Socety Soen
NHS @ Thes Attcie b e than 3 yedrs old

Patients' illnesses could soon be
diagnosed by Al NHS leaders say

Article text AAA
Publmdeun;- Pubhied
Advanced
e 1950s and 60s health s
data Often held in Format: Abstract = Send to-
sepa rate cIinics and M EnglJ Med 1991 Dec 19:325(25):1767-73
health centres The diagnostic performance of computer programs for the interpretation of electrocardiograms.
° Hea Ith informatiCS h Ugely Willems JL', Abreu-Lima C, Arnaud P, van Bemmel JH, Brohet C, Degani R, Denis B, Gehring J, Graham |, van Herpen G, et al.
. = Author information
Improved by better data 1 Division of Medical Informatics, University of Leuven, Belgium.

access
Huge benefits to patients



Geoscience doing OK
but must do better

* Earth Science machine
learning and Al moving
ahead but with big,
structured data

* Access to long tail
geoscience data more

difficult

REVIEW SUMMARY

GEOPHYSICS

Machine learning for data-driven
discovery in solid Earth geoscience

Karianne J. Bergen, Paul A. Johnson, Maarten V. de Hoop, Gregory C. Beroza*

EARTH AND ENVIAONMENTAL SCHENCES | NATURE INDEX

BIG DATA GUES GREEN

The global pre l{ i H rthe l iror !III ers
ens

PERSPECTIVE

Deep learning and process understanding
for data-driven Earth system science
Markus Reschstein'~*, Gastau Camps-Valls®, Bjorn Stevens®, Martin Jung', Joachim Denzler™, Nuno

Jer’”, Nuno Carvalhais'* & Prabhat’



What can DDE do?



,/'— Deep-time.org Data Earth Explorer Analysis Cases

Mapping the world beneath eur
feet
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Deep time geology
Profile Map
Digital Outcrop
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f Deep-time.org

Tools List

Tools 3
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Earth Explorer

Earth locer provides a visual interface wath the mtegration of mulndisciplmary geologrcal data, three-dumensional dig:

() ooe

Deep Shovel

[he DeepShovel system is an all-m-one, mulhmodal geoscience litermsture mformation mining platform. It facilitntes expe

¢ ooe pda

DataExpo

Geoscience DataExpo is a onc-stop scientific dsta service platfor for scientists around the world, Geoscience DataExpo
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8
$
@
A
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Some African data

Geologic Time

+ Add dsta ' 3 '. . , ‘

Dataset(addmd 1) Layers (totalS , added 1) 0

Favorable Areas

African Geothermal Gradient
Afncan Mobo
IDW of African Gradent

IDW of Afncan Mahc

Delayed deletion

Lon WBF2385°E




Some simple models: palaeogeography, climate

Legend
300 Modeling surface te...

300 LtCarb Gzhelian

300 Modeling precipitat..,
L)




Minerals data

Geologic Time

Dataset{added 1] Layers (total5 , added 8 o

i

20 Layer(0) 3D LoyeriD)

Lal 553508 N L 1130486 E




Some outcrop models: virtual study unconformities




Some outcrop models: virtual study fossils

The Assmesmite Siab of Digne Loz Bairs

Outorop oversiow




: virtual study structure

Some outcrop models

Bletterbach Geopark

z
£
c
@
>
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Outcrop descriptions




Exercise

Build a series of
palaeotemperature and
paleogeographic
visualisations for Africa
at 30 and 40Ma




300 C

Panerozoc

125221



My DDE



Questions?
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