e

WA. 4

Istituto di
Geologia Ambientale
e Geoingegneria

Scuola Estiva di Geomorfologia, Ecologia e
Biologia in Ambiente Marino e Insulare

Ponza, 20-23 Settembre 2022

Emissioni sottomarine
nelle Isole Pontine

Martorelli Eleonora

Ingrassia M.,

Beaubien S.,

Bosman A.,

Chiocci F.L., CNR IGAG
Conte AM.,, UNIVERSITA’ LA
Di Bella L., SAPIENZA
Frezza V., INGV
Graziani S., MISSISSIPPI
Italiono F., UNIVERSITY
Macelloni L.,

Sposato A.,

Perinelli C.




—

OUTLINE

e Introduction on submarine fluid emissions

« Geology of the western Pontine Archipelago

* Fluid emissions and the Zannone Hydrothermal Field

* Methods

« /HF-giant pockmarks: seabed morphology

« /GP seabed morphology, fluid emissions, fluid geochemistry and extremophilies
« /GP seabed types and deposits (alteration - mineralization products)

« /GP shallow seismic stratigraphy (buried hydrothermal features)

« Genetic models proposed for ZGP and ZHF systems

» Concluding remarks



Hydrothermal vents: hot fluids (e.g., CO2, H20,
H2, H2S, SO2) — Mid ocean ridges, volcanic arcs,
back-arcs and intraplates -

# Chimneys, domes, craters, pockmarks,
authigenic crusts, massive sulfides

Cold seep

Submarine fluid emissions \

Cold seeps: low T fluids - hydrocarbons and brines (e.g., CH4)
— continental margins and deep sea fans-

# Pockmarks, mud volcanoes, diapirs, brine pools, authigenic
carbonates (e.g., mounds) and precipitates, gas hydrates

also submarine groundwater discharge — shelf —

# Pockmarks, collapse structures, slides, gullies

and from microbial CH4 — e.qg., deltaic systems

# Pockmarks, authigenic carbonates, mud volcanoes

Both playan important role in matter and energy
exchange between the lithosphereand

the hydrosphere, influencing

seabed ecosystems

and greenhouse gas concentrations

Hydrothermal

vent



Cold seeps
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Carbonate precipitation
by anaerobic oxidation of CH,

Oxygen  Sulfate

Nitrate Sulfate
Oxygen
Oxygen Sulfate

Sulfate Sulfate

HS+NQ3+H20+H =SO04+NH: 4

Reaction 2a Q0
= = e

%
C0s+Ca=CaC0s
CH Reaction 3

Buried gas hydrates and free gas supply methane to AOM-
consortia. CHEMOAUTROPHICBACTERIA

AOM consume seawater sulfate in oxidizing methane (R1)
producing hydrogensulfide and bicarbonate;

hydrogen sulfide rises to the seafloorand is oxidized in microbial
mats (R 2a) or by macrofauna (R2b) using O2 or nitrate;

in the process calcium carbonate precipitates (R3).

- Reduced sediments She ads
Mussel and shell beds - Flourishin

Fluid conduits with authigenic carbonate mound [ [ Gas hydrate

—.J Migration direction of cold seep fluids



Hydrothermal vents
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chemosynthetic communities
extremophiles
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Detection of active fluid emissions
“Hunting for active vents”

Fluid emissionsin the water column:acoustic plumes, flares, bubbling
# Multibeam water column data, echo-sounders, side scan, seismic profiles, ROV, CTD.
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Detection of fluid emission
seabed structures and fluids

Seabed fluid emissions: structures (e.g., carbonate mounds, pockmarks, mud volcanoes by hydrocarbon gases),
venting fluids (brine pools)

# Multibeam, Side scan, seismic profiles, ROV
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Fluid emissions within sediment: buried structures
(e.g., pockmarks, pipes, mud diapirs),

Zones with gas-charged sediment (acoustic turbidi

zones, bright spots), bottom simulating reflectors
# Seismic profiles, In situ-measurements

Inner zone
Ouler zone

Seismic expression of a
hydrothermal vent P =
complex HVC (Voring Droreein,
Basin, Norwegian '
margin).
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part. Planke et al., 2005. —_—
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THE WESTERN
PONTINE ARCHIPELAGO
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THE PONZA-ZANNONE STRUCTURAL HIGH
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DETECTION OF SEABED FLUID EMISSION STRUCTURES
- POCKMARKS -
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THE ZANNONE HYDROTHERMAL FIELD\
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« Ongoing and polyphased hydrothermal activity, fluid migration across faulted substrata

« Seabed morphological expression favored by low sedimentation rates: 5 giant pockmarks on the Po-Za high
« Alteration and mineralization processes

« Shallow water extreme environment with bacterial mattes and non-calcareous foraminifera



METHODS

multibeam

\

morphology and lithological
complexity

side scan sonar
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SEDIMENTOLOGICAL, MINERO-PETROGRAPHIC,
PALEONTOLOGICAL ANALYSES

BIOLOGICAL AND GEOCHEMICAL ANALYSES




GIANT POCKMARKS
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LGP - FLUID EMISSIONS IN THE WATER COLUMN
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Different discharge modality

LGP — FLUID EMISSIONS FROM THE SEAFLOOR

Rate

Seafloor morphology

Discharge modality
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LGP - FLUIDS GEOCHEMISTRY

Bubbling Gases
# Sample Depth He Hy 0, Ny co CH, CO, | He/Ne R/Ra R/MRa. Eror  6'Ccop 6 Ccna
1 BT1-129m  79x10 > 7.0x10°% 1225 3340 19x10°% 26x10 7| 5094 | 771 349 360 002420 na. -43.70
12 BT1-129m  82x10 > 90x10° % 1134 3187 13x10°% 26x10 %] 5508 | 711 350 362 0.02434 n.a. n.a.
13 BT4-127m  58x10 ° bdl 1275 3028 19x10 % 19x10 *| 5422 | 547 341 356 0.02395 n.a. n.a.
14 BT4-127m  64x10 > bdl 13.62 35098 bdl 21x10 *| 4893 | 1019 348 356 002394 na. 4363
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LGP - SEABED TEMPERATURE
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contribution of mantle volatiles >> residual magma
batches similar to Pleistocene trachyites
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ZGP - BENTHIC FORAMS™
AND BACTERIA

Di Bellaet al., 2018

NON CALCAREOUS TESTS
SPICULOSIPHON OCEANA

EG., SULFUR-OXIDIZING BACTERIA (SULFUROVUM GEN.) AND
ASSOCIATED VIRUSES

Rastelliet al., 2017
Mat Non-mat
sediments sediments
—  — 95% confidence intervals e B Sulfurovum
. . | 159 i .
Epsﬂonproteobacterl.a e HO— <le-15 2 B Unclassified Epsilonp.
GammaproteobacteriaFP——— —0— | 2.06e-7 g B Sulfurimonas
Unclassified BacteriaPF—=—0 —0— | 1.78e-3 g B Campylobacter
Planctomycetacia g I—O—:—I 1.60e-2 o M Arcobacter
Chlorobia kb O~ 4.04e-3T§ u Iiullfur(l';;spltrllIum
. . | elicobacter
Actinobacteria Il:| || . '—OT' . . 54le3 o m Sulfuricurvum
0 40.6 -40 -20 0 20 40 Caminibacter

Proportion (%) Difference between prooortions (%)



Mineralized sediment

ALTERATION-MINERALIZATION PRODUCTS:
CLUES FOR THE SUB-SEAFLOOR STRUCTURE

T decrease of hydrothermal fluids

4

Small

Black smoker, rich in sulfides
Collapsed chimneys

White smoker, rich in sulfates
or carbonates

Jasper / layers rich in
Fe and Mn oxides

STRATIFORM
SYNGENETIC MINERALIZATION

’ <l 2000 to 30[7\ below sea level

Black ore, rich in

auLE: s ROV6 /. rJ . Zn-Pb-Ag-Ba
SYNGENETIC MINERALIZATION Authigenic crusts PR SiamEps TN AN SYNGENETIC MINERALIZATION

(NATIVE SULFURAND SULFUR-CEMENTED SANDS)

Yellow ore, Cu-rich
MASSIVE STRATABOUND

ALTERED RHYOLITE CLASTS (SERICITE TO PYRITE- Chlorite-rich - A\ / EPIGENETIC MINERALIZATION
CHLORITE FACIES) HYDROTHERMALBRECCIAS Mydeothermataltertion 87
BY HYDROTHERMAL ERUPTIONS

Silica- and “sericite’-rich {NAN ) -Stockwork and fluid channelways

hydrothermal alteration Y AAJ TRACTURE cONTIROILED
EPIGENETIC MINERALIZATION

ST9BNR2/ST2BNR2

Host volcanic or volcaniclastic rocks
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Eye-shaped zone with
acoustic anomalies
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Not to scale

Crater |

PHASE llI

Shift of Crater

(present-day) Crater Il + pockmarking

Crater Il

A

+ mineralization of sediments
+ new generation of
pockmarks outside the ZGP

Crater Il

Expulsion of ﬂuiAd and sediments i

shiftc

New generation
of pockmarks

Ingrassiaetal., 2015




ZHF GENETIC MODEL

A: sedimentary sequence {Pliocene -present) PO N Za_Za nnone

Z: top acoustic substratum

morpho-structural high

Zannone
sulphur springs

~ Palmarola Basin DB-DC-DD 2=~ ZGP-DA Ventotene Basin

/, ‘ :ﬁ;’ A \
/% 7T 1
Deep geothermal system fed by

A
A . : :
/—j / magmatic fluids relased by a magmatic
PLUMBING H ;
| SYSTEM:  Source similar to Pleistocene trachytes
/Z faulted substrata = l - /

Not to scale

Upper part: volcanic felsic rocks and Pleistocene sedimentary deposits hosting mounded/eye-shaped hydrothermal
complexes
Lower part: sedimentary rocks and continental crust



CONCLUDING REMARKS\

« The ZHF represents a shallow hydrothermal system with a deep magmatic source, fluidsrise
through the faulted basement of the Zannone high; polyphased activity

« Highly heterogeneousseabed including pockmarks, hard pavements and mounds, diffuse
seepage and punctual emissions

« The ZGP hosts extreme environmentsrelatedto vent activity (high temperature, acidic
condition) with bacterial mattes, absence of calcareous forams and peculiar agglutinated
species (Spiculosiphon oceana) at the seabed

* Mineralizations and alteration products are consistent with hydrothermal facies of felsic
volcanics hosting massiv e sulfides;

« Alteredrhyolite clasts and pockmarks suggest occurrence of hydrothermal eruptions

* First models on the origin of giant pockmarks, the ZGP hydrothermal complexand the ZHF
hydrothermal system



