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RESEARCH AIM

Through the last years some new papers dealt with
the tectonic and volcanic evolution of southern
Latium as it reveals recent activity worthy to be
investigated.

In light of new 4°Ar/3Ar geochronological data and
compositional characterization of juvenile eruptive
products, we:

refine the history of Volsci Volcanic Field
(VVF) activity and

envisage the implications on the pre-eruptive
magma system and the continental subduction
processes from the source to the surface.

erupting diatreme

explosive
interactions

suspended
aquifers

sites of enhanced

fluid transmissivity . ted
rejuvenate

pre-eruption fault throw

topography

main
carbonate
/ aquifer

/

aborted
/ / diatreme
/

confined
/) phreato-

magmatic
explosions

In the frame of our research, we also deal with the sub-surface and eruptive processes of the VVF
maar-diatremes that drove magma injection and controlled the sites of magma-water explosive
interaction. These eventually acted as paths to surface during phreatomagmatic eruptions.
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MORE INFORMATION ON REGIONAL VOLCANO-TECTONIC DYNAMICS IN MARRA ET AL. 2020
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GEOLOGICAL MAP OF THE VOLSCI VOLCANIC FIELD ™

Geological sketch
map of the northern
Volsci Range and
adjoining Middle
Latin Valley,
including locally
sourced VVF
eruptive centers.
The traces of the
seismic line
(dotted) of and
geological cross-
sections (A-B and
C-D) of the next
slide are also
shown.
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BIMODAL PRIMITIVE MAGMAS: Lct- vs Plg-bearing

We distinguish Leucite-bearing
versus Plagioclase-bearing rock
types.

Lct-bearing scoria clasts
contain clinopyroxene (Cpx),
phlogopite (Phl), melilite (Mel)
phenocrysts and leucite (Lct) +
olivine (Ol) microphenocrysts.

ualBSD [20.00 kV|12.5 mm

Plg-bearing scoria clasts are

DualBSD

20.00 kV|12.5 mm

characterized by Cpx + PIg £ Ol sl
+ Mgt and relatively abundant
fresh glass. A
Plg
DATA IN: MARRA ET AL. 2021 T N

6.71e

4 0250

HOME
0,500
- L ® Plg-bearing
=]
"g. ® Lct-bearing
3 o ¢
<
@
@
°
® 9
o °
* i"
[ ‘P
@]
0,000
50 60 70 Di(%) 80 90 100
0,300
0.200 High-P
)
L~
S
8 e
=S -7
g _-" -
0,100 o ’F" -
--COW-
® o
- Q
--@
Q-9
.- o @) .
0,000 == -

0.100 Al (apfu)

0.200

0.300


https://doi.org/10.1007/s00531-021-01981-6

NEW
40Ar/3°Ar AGES

Leucite-bearing, high-K
(HKS) magmas (for which
we report for the first time
the phlogopite phenocryst
compositions) mostly fed
the early phase of
activity (~ 761-539 ka),
then primitive, plagioclase-
bearing (KS) magmas
appeared during the
climactic phase (~
349 ka), partially
overlapping with HKS
ones, and then prevailed
during the late phase of
activity (~ 300-231 ka).
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HE SITES OF MAGMA-WATER INTERACTION

MAG MA'CARBONATE WAI.L ROCK I NTE RACTION Geologic time Volsci Range Middle Latin Informal Centamore  informal lithostratigraphic biostratigraphic (black) and

epoch mountain backbone valley lithostratigraphic et al. 2010 grouping applied lithotype (gray) belonging of

soaieona £ meniston subdivision in this study lithics within collected samples
gEarly post-orogenic dep.
-Ellec " syn-orogenic conglo. |P GC-SBG
: : : q:’ - Chaotic /, o Torrice Fm Frosinone K s o b P e Bl
Composite stratigraphic logs of the § | CPEONC e pgybeokoen A L= R 15 CEER R R
. . Tortarian Tortonian p.p. I Exseesceseesceses Frosinone Fm |
northern Volsci Range mountain = _— ., |1 oo sop_ Ei; group | | 1a
. . Langhian! £s roufina mar . ?
backbone and Middle Latin Valley, ==\l ayozoaand || limestone I
: i | b - group
correlated to the Geological Map of saroin : Sl | L
Coniacian 4 LE: |I I
Ital . ' ‘\\ Gorga bioclastic limestone and dolostone Upper
y n | B e o Cretaceous
g :m;d‘l Hippuritid and Radiolitid limestone RDT g([?;)p
. . . . . % Alveolinid and Nezzazzatid
On the right side, the biostratigraphic 8 - _ jimestone and dolostone PHA ‘ ‘I I I I
. . - Ostracoda and miliolid Sereldel Bruno
ranges of the fossil-bearing iy laminated fimestone PUO Y e
. . = 5 * Orbitolina level (aquitard)
carbonate lithics collected from the Q = \Limestone e t——
VVF phreatomagmatic St S
. Valanginian Requenid, Caprotine and
deposits (see : CARDELLO ET AL. ostreid limestone Rco | P
145 Ma erriasian
2020) . | | | Cyclotemic limestone ccG
_— ith gastropodes
. . . . | | wit
More regional stratigraphic of T ————_ s| |8 o
. . . . . j—‘—'—‘—r d Clypeina i 1 CCM g > <
information is provided in 9 | imestons T rassicn
m 161 Ma H
© I I Middle-Upper 21 of8 o | %
CARDELLO ET AL 2021 E 2 Limestone and dolostone unit ucD | Jurassic Group g |= § £ g| Patrica- £ 18
3 ) 21g¢g 2 g| Supino B
= Oolite limestone uoo S §§ Ela ﬁ?ﬁ?ﬁ
Thrust4 Thrust 2-3 not to scale Eru ptive centres



https://doi.org/10.1016/j.jog.2020.101763
https://doi.org/10.3390/geosciences11040160

THE SITES OF MAGMA-WATER INTERACTION
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MORE DETAILED STRUCTURAL STUDIES ARE IN CARDELLO ET AL. 2021
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THE PEPERINO OVEN

MAGMA-CARBONATE WALL ROCK INTERACTION
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a) Peperino texture in VVF phreatomagmatic deposits;

b) Hand draw of image a), outlining the juvenile shells in a
cored scoria lapilli;

c) example of core and shell from image b after
thresholding and binarization;

d) shell thickness and core equivalent radius

e) plots of core radius (a) vs. crown thickness (Ar) for
cored-lapilli from selected phreatomagmatic deposits

f-g) image and hand draw of a zoned, rounded
carbonate lithic showing evidence of successive
breakage and thermal alteration along the new-formed
edges

h) textural characterization of carbonate lithics from
VVF eruptive centers. The ternary diagram shows lithic
clast sizes (measured along the mean axis, representative
of phreatomagmatic fragmentation plus attrition during
diatreme transport), the degree of whiteness
(representative of thermal interaction), and roundness
(representative of attrition due to recycling during diatreme
transport). All values are normalized to 100 %.

d) Ar

calc-lithics | ¢ Patrica - CC1,CC2, CC3d, CC31
within | @ Fosso di Monteacuto - CCO
354 cored lapilli | & Prossedi - CC11d
lapilli with different core composition
3 4
2.5
2 4
°
1.54 e
o 0
£ .
E14
g |e
0.51
°
4 0 2 4 6 7
e) a (mm)

o juvenile fragment HOME

multilayer
cored lapilli

b)

younger
\T-altered
edges

5 mm
————

roundness
X Fosso di Monteacuto - CCO

@ Patrica - CC1

® Patrica- CC2

o Patrica - CC3d

o Patrica - CC31

¢ Villa S. Stefano - CC6

B Valvisciolo - CC8

+ Prossedi - CC11d

A Pisterzo - Cc12a
Pisterzo - Cc12b

L
Cold cluster °

-
o

clast size


https://doi.org/10.1016/j.jog.2020.101763

THE PEPERINO
OVEN .,

) Sketch model for the sub-surface and eruptive processes of the VVF
maar-diatremes. Major high-angle normal faults (red lines) drove magma
injection and controlled the sites of magma-water explosive interaction,
eventually acting as paths to surface during phreatomagmatic eruptions.
Cartoon highlighting the stratigraphic and structural control of carbonate

wall rocks over diatreme processes.
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CONCLUSIONS Jowt

1.

The clustering of eruptive centers is controlled by tectonic features. Specifically, a first order
control is related to crustal laceration and deep magma injection along a ENE-trending Quaternary
lateral tear in the slab and to Mesozoic rift-related normal faults. Those structures primarily
controlled the fast ascent of small-volume, nearly primary, magma batches from the mantle source
(sort of “bullet eruptions”), as typical of “tectonically controlled volcanic fields”.

Lct-bearing (HKS) and Plg-bearing (KS) primitive magmas coexisted. In particular, HKS
magmas fed the early phase of activity, then KS magmas appeared during the climactic phase,
partially overlapping in space and time with HKS ones, and then prevailed during the Iate phase of
activity.

The superposition of a second-order orogenic structures (mainly normal faults) beyond
controlling the local 3-D distribution pattern, determined the activity styles of volcanic centers.

Magma-water explosive interaction occurred at multiple levels (< 2.3 km depth), depending
on the structural setting of the Albian-Cenomanian aquifer-bearing carbonates, which are
intersected by high-angle faults. The progressive comminution, rounding and whitening of
entrained carbonate lithics allow us to trace multistage diatreme processes.
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