DID YOU KNOW...?

The MSA has available on its website a collection of
fully open access publications. These include Teaching
Mineralogy (Brady, Mogk, and Perkins 2011); Mineralogy
and Optical Mineralogy Laboratory Manual (McNamee
and Gunter 2014); Guide to Thin Section Microscopy
(Raith, Raase, and Reinhardt 2012), Carbon in Earth
(edited by Hazen, Jones, and Baross 2013, RiMG
volume 75), and many more. Full-text articles from
American Mineralogist from 1916 through 1999 are
also a part of this collection. The Open Access publi-
cations are under the Publications pull-down menu on the www.
minsocam.org home page.

A MINERAL PUBLICATION FOR CHILDREN

A Quest for Shiny Purple Crystals: Johnny and Max’s Rock
Hunting Adventure, by Monica Rakovan, 2018, 32 pp,
softcover, ISBN 978-0-9863349-1-7

The MSA is pleased to be able to offer this exciting publication for
children. In this illustrated book, Johnny and his best (furry) friend,
Max, become fascinated by the rocks they are finding. To learn more,
they visit a nearby rock shop, where the owner, Sal, answers many
of their questions. Johnny and Max are invited to go rock collecting
with Sal at a farm where the chickens are digging up purple crystals!
The hunt begins for more shiny purple rocks and learning about an
unusual amethyst find.

Written by Dr. Monica Rakovan, A Quest for Shiny Purple Crystals is
a great way to teach children about collecting rocks and encourage
enthusiasm for the sciences. A helpful glossary in the back helps intro-
duce children to new words, and the colorful illustrations bring the
story alive.

Description and ordering online at www.minsocam.org or contact Mineralogical
Society of America, 3635 Concorde Pkwy Ste 500, Chantilly, VA 20151-1110
USA phone: +1 (703)652- 9950 fax: +1 (703) 652-9951 e-mail: business@
minsocam.org. Cost is $10.
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The emergence of life is generally considered to have been assisted by
the power of minerals (Hazen 2012). Modern organisms are equipped
with biochemical machineries that might have replaced more primi-
tive mineral parts a long time ago. Given the high energetic costs to
operate such sophisticated biochemical machineries, it is speculated
that mineral-centered life might have been evolutionarily preserved
on modern Earth where the primordial geochemistry prevails with
extreme energy starvation. One of the ideal places to hunt possible
primitive life is in the deep subsurface because of its restricted supply
of energy-rich photosynthetic products. Granite and basalt are geologic
giants that have been representative of the continental and oceanic
crusts, respectively, since ~4.0 Ga. Energy-starved deep biospheres in
granitic and basaltic crusts have been potentially hosting primitive life
that is not in competition with biochemically sophisticated microbes.

To explore the granite biosphere, a 69 Ma granite was drilled horizontally
from a 300 m deep underground tunnel at the Mizunami Underground
Research Laboratory (Tono, central Japan). Pristine groundwater samples
were taken and subjected to genome-resolved metagenomic analyses in
combination with geochemical and microbiological site characteriza-
tions. It was revealed that anaerobic methane-oxidizing archaea were
harvesting energy from magmatic methane under energy-starved condi-
tions (Ino et al. 2018). In addition, a diverse phylum within the candi-
date phyla radiation (CPR), called Parcubacteria, appears to be dominant
in the deep granite biosphere. All CPR members are represented by
small genomes and cell sizes with restricted metabolic capacities, which
might have been inherited from an early metabolic platform for life
(Hug et al. 2016).

For the oceanic crust biosphere, the JOIDES Resolution research vessel
was used to drill into basalts of the following ages: 13 Ma, 33.5 Ma
and 104 Ma. This drilling was done during Integrated Ocean Drilling
Program (IODP) Expedition 329, which targeted life beneath the seafloor
of the South Pacific Gyre (SPG). The South Pacific Gyre is known as
an oceanic province where surface photosynthetic activity is exceed-
ingly low (D’Hondt et al. 2015) and which might favor microbes living
independent of photosynthesis in the underlying basalt.

Unlike land-based subsurface investigations, it is technically difficult
to collect pristine crustal fluid from a borehole drilled from a scientific
vessel. Without geochemical information from the crustal fluid, the
habitability of the rocky environment remains largely unknown. To
understand the nature of the rocky biosphere in oceanic crust, a new
life-detection technique was successfully developed for drilled rock
cores and used in combination with nanoscale mineralogical charac-
terizations (see Yamashita et al. 2019 and Sueoka et al. 2019). Basalt
fractures filled with clay minerals and calcium carbonate were associ-
ated with the formation of Fe-Mg-smectite that is compositionally and
structurally similar to saponite and/or nontronite, both being indica-
tors of low-temperature basalt-water interactions. Unexpectedly, the
dense colonization of microbial cells was directly imaged to exceed
~10'° cells/cm?, a range of cell density typically found in a human gut
(F1G. 1) (Suzuki et al. 2020). More surprisingly, there was a dominance
of heterotrophic bacteria, as demonstrated by DNA sequences and lipids,
from which one can conclude that there is organic matter in the form
of carbon and an energy source(s) in subseafloor basalt.
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(LefFT) Picture of a basaltic core sample with fractures.

(cenNTER) A scientist subsampling a part of a rock core.
(riIGHT) Fluorescence microscopy image of SYBR Green I-stained microbial cells
associated with nontronite. Green and orange colors indicate the presence of
microbial cells and nontronite; the yellow color indicates the enrollment
of microbial cells within nontronite aggregates.

These findings change our view of the rocky biosphere where inorganic
energy sources derived from rock-water interactions are generally
regarded as of primary ecological importance. Given the prominence
of basaltic lava and/or magmatic methane on Earth and Mars, microbial
life could exist where subsurface igneous rocks interact with liquid
water. It is also important to note that the presence or absence of
microbial life and associated metabolic repertories will clarify poorly
characterized physicochemical properties in deep igneous rocks, such
as permeability and fluid and energy fluxes. Finally, the technology to
hunt mineral-centered life in the deep subsurface is now ready — we are
on the verge of unveiling life’s story from the very beginning.

Yohey Suzuki (The University of Tokyo)

REFERENCES

D’Hondt S and 34 coauthors (2015) Presence of oxygen and aerobic communi-
ties from seafloor to basement in deep-sea sediment. Nature Geoscience 8:
299-304

Hazen RM, Papineau D (2012) Mineralogical co-evolution of the
geosphere and biosphere. In: Knoll AH, Canfield DE, Konhauser KO (eds)
Fundamentals of Geobiology. Blackwell Publishing Ltd., pp 333-350

Hug L and 16 coauthors (2016) A new view of the tree and life’s diversity.
Nature Microbiology 1, doi: 10.1038/nmicrobiol.2016.48

Ino K and 19 coauthors (2018) Ecological and genomic profiling of anaerobic
methane-oxidizing archaea in a deep granitic environment. ISME Journal
12: 31-47

Sueoka Y, Yamashita S, Kouduka M, Suzuki Y (2019) Deep microbial coloni-
zation in saponite-bearing fractures in aged basaltic crust: implications
for subsurface life on Mars. Frontiers in Microbiology, doi: 10.3389/
fmicb.2019.02793

Suzuki Y and 12 coauthors (2020) Deep microbial proliferation at the basalt
interface in 33.5-104 million-year-old oceanic crust. Communications
Biology, doi: 10.1038/s42003-020-0860-1

Yamashita S, Mukai H, Tomioka N, Kagi H, Suzuki Y (2019) Iron-rich smectite
formation in subseafloor basaltic lava in aged oceanic crust. Scientific
Reports 9, doi: 10.1038/s41598-019-47887-x

ELEMENTS

A

Vol. 115, No. 2, April 2020
Special Issue: Indian Continent

Preface of the Special Issue on ‘Indian Continent’

Tracking plate tectonics and related events in the Indian conti-
nent from Archean to recent times — Kaushik DAS, Jun-ichi ANDO,
Toru INOUE

Continental Crustal Dynamics — Old to Recent Tectonic
Activities

Deformation and metamorphic history of the Singhbhum Craton
vis-a-vis peripheral mobile belts, eastern India: implications on
Precambrian crustal processes — Gautam GHOSH, Sankar BOSE

Geological evolution of the northern and northwestern Eastern
Ghats Belt, India from metamorphic, structural, and geochronolog-
ical records: an appraisal — Proloy GANGULY, Amitava CHATTERJEE

Structural architecture and geological relationships in the southern
part of Chitradurga Schist Belt, Dharwar craton, South India -
Lakshmanan SREEHARI, Tsuyoshi TOYOSHIMA

The Indo-Eurasia convergent margin and earthquakes in and
around Tibetan Plateau — Yanbin WANG, Yangfan DENG, Feng SHI,
Zhigang PENG

Neotectonic fault movement and intraplate seismicity in the central
Indian shield: A review and reappraisal - Anupam CHATTOPADHYAY,
Dipanjan BHATTACHARJEE, Srijan SRIVASTAVA

Zirconium in rutile thermometry from garnet granulites of the Jijal
complex of Kohistan arc, NW Himalaya — Chihiro NAKAZAWA, Hafiz
Ur REHMAN, Hiroshi YAMAMOTO, Tehseen ZAFAR

Interaction Between Life, Sediment and Water,
and Evolution of the Early Atmosphere
A review of biotic signatures within the Precambrian Vindhyan

Supergroup: Implications on evolution of microbial and metazoan
life on Earth - Adrita CHOUDHURI, Santanu BANERJEE, Subir SARKAR

Clue on ocean redox condition from trace element and rare earth
element (REE) composition of iron formation and carbonate rocks
from the late Paleoproterozoic Morar Formation, Gwalior Group,
central India - Pritam P. PAUL, Partha Pratim CHAKRABORTY, Fumito
SHIRAISHI, Kaushik DAS, Atsushi KAMEI, Sourabh BHATTACHARYA

Formation of intracratonic Gondwana basins: Prelude of Gondwana
fragmentation? — Prabir DASGUPTA

Mantle—Crust Interaction: Geochemical and Rheological

Appraisals

Mineralogy and petrology of shoshonitic lamprophyre dykes from
the Sivarampeta area, diamondiferous Wajrakarur kimberlite field,
Eastern Dharwar craton, southern India - Praveer PANKA]J, Rohit
Kumar GIRI, N.V. CHALAPATHI RAO, Ramananda CHAKRABARTI,
Sneha RAGHUVANSHI

Serpentinite enigma of the Rakhabdev lineament in western India:
Origin, deformation characterization and tectonic implications
— Dyuti Prakash SARKAR, Jun-ichi ANDO, Kaushik DAS, Anupam
CHATTOPADHYAY, Gautam GHOSH, Kenji SHIMIZU, Hiroaki OHFU]JI
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