
Climate	changes	and	its	connection	to	the	ocean	and	atmosphere	chemistry	is	well	established,	and	an	ongoing	research	area.	Most	of	this	research	has	been	
concentrated	on	the	sedimentary	archive	in	order	to	reconstruct	past	climate	events	in	the	Earth’s	history1.	It	is	only	recently	that	the	igneous	oceanic	crust	has	
been	recognised	as	the	largest	aquifer	on	Earth,	and	potentially	being	the	world’s	largest	microbial	habitat2,3,	opening	up	for	the	question:	Could	igneous,	and	
low	grade	metamorphosed	igneous	rocks,	be	used	as	a	climate	archive,	with	fossilised	microbes	as	a	proxy?	If	so,	a	vast	and	unexplored	record	of	informaCon	
would	be	available.	This	would	enlarge	Earth	́s	climate	record	with	magnitudes,	and	greatly	enhance	our	chances	of	tracking	Earth	́s	climate	record	back	in	deep	
time.	

The	aim	of	 this	project	 is	 to	explore	 the	possibilities	 to	use	 igneous	oceanic	 crust	as	a	 climate	archive.	 The	general	 aspect	of	 the	 study	 is	 to	evaluate	how	a	
dramatic	 climate	 change,	 such	 as	 a	 possible	 Snowball	 Earth,	 or	 impact	 event,	 such	 as	 the	K/T	 impact,	might	 have	 influenced	 the	microbial	 abundance,	 their	
composition,	and	 the	habitable	environment,	as	well	as	metabolic	pathways	 for	microbial	 life	 in	 the	upper	 igneous	oceanic	crust.	This	might	give	us	a	better	
understanding	on	how	changes	in	the	ocean	chemistry	might	have	affected	the	deep	biosphere.	Scientific	questions	that	will	be	addressed	are:	

• To	what	extent	can	we	derive	and	interpret	relevant	paleobiological	information	from	fossilized	microorganisms,	and	can	they	be	used	as	paleo-climate	archives?	

• To	what	extent	would	the	deep	biosphere	be	influenced	by,	and	respond	to,	global	climate	changes	on	the	surface?	

• How	would	the	ocean	chemistry	be	influenced	by	a	change	in	community	structure,	and	a	change	in	metabolism	from	photosynthesis	to	chemosynthesis?	

Introduction

Initially the following localities have been chosen for
sampling:
• ICDP: Surtsey Island, Iceland (~50 yrs)
• ODP:	Emperor	Seamounts	(76-48	Ma) 4 (prel.	data)
• IODP: Louisville Seamounts in the Pacific Ocean (74-

50 Ma)5
• Troodos ophiolite, Cyprus (91 Ma)6 (prel. data)
• Fuchan ophiolite, China (840-820 Ma)7

Sampling	sites

Preliminary data indicates that there is a direct relationship between the microbial colonization, the
surrounding mineralogy, and the hydrothermal fluids. It is found that colonization, in basaltic pillow
lavas, is favoured in open pore spaces that have had access to a high abundance of fluids, giving rise to
more dissolved elements. These elements come from both the ocean water as well as the host rock,
and play a key role for the microorganisms metabolism, as well as for preservation and fossilization of
these microbes.

Preliminary	data

Optical	
assessment

Methods
Quantitative and qualitative
petrography will be made with optical
microscope, Environmental Scanning
Electron Microscope (ESEM), Raman
and Infra Red spectroscopy.

Microimaging

3D-imaging will be done using a
synchrotron-based X-ray tomographic
microscopy (SRXTM) at the Paul
Scherrer Institute in Switzerland.

Figure 1) Map over the world with sampling localities, red stars indicates drilling
sites of igneous crust, and yellow stars indicate ophiolites (old emplaced oceanic
crust on land) (amended from geology.com). A schematic sequence of the igneous
crust and lithosphere.
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Geochemistry

Biomolecules will be evaluated with
Raman and Time-of-Flight secondary
mass spectrometry. Isotopes will be
evaluated with laser ablation
inductively coupled plasma mass
spectrometry.

Figure 2) fossilized fungi filaments (red arrows) found in an open
vesicle from the Troodos ophiolite8.

Figure 3) Raman spectra in
the spectral range 100-4000
cm-1 of a cavity wall and
fossil fungal hyphae in an
analcime-filled vesicle from
the Troodos ophiolite. The
spectra with peak positions
in red numbers show that
both the cavity wall and the
fossils are composed of a
Fe-rich montmorillonite.
The spectra from the
interior of the fossil indicate
that hydrocarbons are
present with the peak at
3075 cm-1. Reference
spectra of montmorillonite
after Wang et al. (2015)
have been incorporated in
each diagram. Rutile grains
are incorporated in the
cavity wall
montmorillonite8.

Figure 5) ESEM (A–D) and SRXTM (E) images of fungi influencing the mineral surface,
from ODP Leg 1979. (A) The influence of both yeast and hyphae on the mineral surface
leaving negative pits. (B) The contact between two protruding hyphae and the zeolite
surface. Note the rough and irregular texture of the mineral surface at contact
compared to the normally smooth surfaces. (C) Hyphae protruding angularly and
creeping along the mineral surface. (D) Hyphae creep along the mineral surface and
their influence on the zeolite surface at contact. (E) Stereo anaglyph of an assemblage
of cells within a zeolite crystal.

Figure 4) Tomographic renderings of boring hyphae protruding on the
zeolite surface, from ODP Leg 1979. (A) Volume rendering showing
abundance of hyphae within a zeolite crystal and how they protrude at
the mineral surface. Arrow at the left shows hyphae taking a path above
the mineral surface; arrow to the right shows hyphae that branch at the
point where they exit the mineral surface. (B) Isosurface rendering of left
side of A showing a hypha taking a path above the mineral surface,
occasionally touching it with short branches. (C, D) Volume rendering
showing protruding hyphae that branch at the point where they exit the
mineral surface, one branch creeping along the surface.
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