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We know little about early Earth

Life

Continents
Atmosphere(s)

Coasts
Oceans

Climate, Weather
Intensity and Consequences of Solar Radiation

Volcanism
Tides, Moon, Earth Spin

Meteorite Impacts



Are we alone ?

Looking for life on a (formerly) 
similar neighbouring planet; 
fossilized or extant.

Looking for habitable worlds
beyond our own planetary
system.

Is „making life“ easy ? Does it
form almost necessarily, given
sufficient time and space, - or
is it exceedingly rare ?



We know of one planet where life has formed



Greenstone Belts: Remnants of early surface records
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an ideal target for early-Earth 
studies
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up to 3.7 km stratigraphic thickness
outcrop area ca. 40 * 110 km



up to 1,700 m relief
most strata dip subvertically



Abundant diverse sedimentary structures



Fossilized microbial mats



Fossilized microbial mats

Homann and Heubeck, 2022

… likely (an-)oxygenic
photosynthesizers



Recent, Tunisia

Heubeck, Univ. Jena



Recent, Tunisia



Heubeck,  Univ Jena Google Earth 2011
Rakaia River; South Island, New Zealand

Range of depositional environments
terrestrial-marine transitions
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The Need to Drill

Moodies strata are …

… weathered where continuous
… discontinuous where unweathered



• Introduction and Fundamentals
• The Moodies Group
• Setup, Objectives, Drilling Design
• Operations Update
• First Results
• Outlook

This talk



(1) Prodelta facies
• (tidal ?) rhythmicity
• origin of clay minerals
• relationship of j and BIFs to tidal 

microbial mats

(2) Microbial mats in tidal sandstones 
• C-isotope microstratigraphy
• microbial preservation pathways; 

early diagenetic chert
• 3-D morphometry of  filamentous 

microfabrics
• organic-walled acritarchs ?
• coastal O2 production rates ?
• early evolution of the N cycle
• regional thermal overprint

(3) Paleosols
• terrestrial weathering and role of 

early diagenesis
• global consequences 

Scientific Objectives
(4) Global Surface Environments 

• redox conditions (SO4; redox-sensitive 
metal isotopes)

• T and composition of ocean water and 
early diagenetic fluids

(5) Paleomagnetism
• strength of the Earth’s magnetic field
• magnetostratigraphy

(6) Magmatism and basin dynamics
• Association between basaltic lava, 

stockwork intrusions in unconsolidated 
sandstones and a major sill; 
hydrothermal halos ?

(7) Geochronology
• Quantification of sedimentation rates 

and basin subsidence through high-
precision U-Pb dating of tuffs, Ir flux



Sa
dd

le
ba

ck
Fa

ul
t

F

F

Saddleback
Syncline

(Homann 2016, Stutenbecker 2014,
Lippold 2010,

Engelhardt 2011)

Dycedale
Syncline

(Grund 2015, Bläsing 2015,
Homann et al., 2018)

Moodies Hills 
Block

0  

500

1000 m 

NW SE

Ba
rb

ro
ok

F, 
Sh

eb
a

F

M
on

tr
os

e 
An

tic
lin

or
iu

m

F

Conglomerate
Gravelly

Coarse-

Medium-
Fine-

Siltstone Air-fall tuff

Banded-Iron 
Formation, 
JaspiliteBasaltic lava

-grained
Sandstone

Shale

Eureka
Syncline

(Ohnemüller
2010, Heubeck 

unpubl.)

MdbC

MdcQ

MdQ1

MdS1

MdQ2

MdL2
MdI2
MdS2
MdQ3

MdS3

MdQ4

MdI1

F

F

Stolzburg
Syncline

(Luber, 2014)

M
oo

di
es

Fa
ul

t

Heubeck, Univ. Jena

Lomati
Water
Tunnel

op
en

Ben 
Lomond

Adit

op
en

22 Level 
Adit

1
2

ABC

4

3

A

B
5

Legend



Drilling Locations

Lomati water tunnel

22-level adit

Ben Lomond adit



Drilling Locations
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Drilling Locations



Drilling in a WHS, formerly a gold mining province



Diverse, interesting drill sites
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Our workplace for 9 months: The BIAS Hall, downtown Barberton
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Post-drill geological cross section, Site 4B 
(Middle Lomati Delta Complex, Oosterbeek)
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Geological cross section, Site 4C 
(Proximal Lomati Delta Complex, Oosterbeek)
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Geological Cross Section, Sites 5 A and B 
(eastern Stolzburg Syncline)
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TD to spudding a new borehole takes 10 days



Logging

• caliper
• GR
• magn. suscept.
• borehole resist. imager
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Results: Core Recovery



Site 1: May-June ca. 450 m ?
Site 2: Done 368 m
Site 3: Done 280 m
Site 4A: Done 340 m
Site 4B: Done 355 m
Site 4C: Done 351 m
Site 5 A: Done 451 m
Site 5 B: June-July ? ca. 470 m ?

ca. 3200 m core when completed

… plus ca. 160 samples from three tunnels



Currently ca. 2500 m

Rhythmically bedded tuffaceous-shaly sandstones

Microbial-mat-laminated sandstone („crinklies“)

Coarse-grained granuly chertarenites

Chert-clast-dominated cobble conglomerates



Results: Polymict, shale clast or tuff-clast conglomerates



Results: Tuffaceous, matrix-rich sandstones



Results: Microbially laminated sandstone



bedding

Results: Microbially laminated sandstone

1 cm



Results: „Stromatolitic“ (?) sandstone
3A, Box 46

largely silicified, 
formerly calcareous
mounds



Results: … also known from outcrop



Multiple „Vadose Alteration Zones“ (VAZ)



Box 25

Box 25

Multiple „Vadose Alteration Zones“ (VAZ)



Rhythmically laminated shale and siltstone





Jaspilites and minor BIF



Dycedale

Syncline

Saddleback
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Barbrook F
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Barberton Water Tunnel, 2780 m

Saddleback
Hill

Tunnel Sampling: Lomati water tunnel



A steeply
plunging tight
syncline in 
Moodies strata

Tunnel Sampling: Lomati water tunnel



ca. 400 m. Small, soda-straw-type stalactite
from spray-concrete roof

ca. 600 m; open tunnel. Water mark at ca. 160 
cm water depth. Wet ceiling

1020 (foreground; wire mesh only) – 1040 
(background; U-frames and spray-concrete)  m

ca. 1200 m; soda-straw-type stalactites 1980 m; dark calcite stalactites 2100 m; dripping water; shallow

dry walls and ceiling from ca. 2600 m ca. 2700 m; dry tunnel walls ca. 2750m; splintery black schists



Tunnel Sampling: Lomati water tunnel



Results: Tunnel Sampling: Agnes Mine

Two mine tunnels, each of ca. 
1000 m length, traversing
upper Moodies strata at nearly
right angle



ICDP aside Geology: School Outreach



Outreach: Movies, radio, social media



Tours for local and international groups



Updates: Biweekly newsletter, ICDP webpage, MoD
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Outlook, 1

• End of June: End of drilling campaign and core processing
• July / August: Shipping to ICDP core facilities in Berlin

Inventory Palletizing Transport Shipping Core storage



Outlook, 2

• Fall 2022: Core scanning, XRF scanning, overview
sampling, core documentation

• 1st quarter 2023: Workshop (Berlin) and core
sampling



Outlook, 3

Nucleus of a 
future WHS 
Visitor‘s
Center ?



Phumelele Mashele: Education, Outreach, Publicity 

Facebook: Moodies-BASE Project
moodiesbaseproject@gmail.com

To learn more

… or subscribe to the newsletter by contacting me
christoph.heubeck@uni-jena.de

mailto:moodiesbaseproject@gmai.com
mailto:Christoph.heubeck@uni-jena.de



