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@MAP It forms, it deforms, it shapes

DEPOSITION
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GEOLOGICAL MAP of SAN PELLEGRINO PASS

«

(Dolamites, Northeastern ltaly)
Sale tH000

LEGEND.

It forms:
Geological
units

Abba’ et al. 2018



LEGEND

In darker hues are represented outcropping rocks

(QUATERNARY CONTINENTAL DEPOSITS

| PTG - Post-glacial Unit

| Deoposivs subsequent the dowmwasting of the glacier
rational, periglacial and fluvial processes,

eistacen Lot Holocene

GLA - Glacial Unit
Glacial deposits

MIDDLE TRIASSIC
PREDAZZO INTRUSIVE COMPLEX

onkc rocks with shoshenitic petragraphical assacution. Rock
compposition vary from manzonites to gabbaos and pyrosenites
Age: Upper Ladinian

D MONa - Mafic gabbro
Dark coarse g with hypicfiomorphic
Compasition: plagioclase, <inopyroxene, apaque, bictite and accessory
minerals {in order of occurrencel,

r‘ MONB - Monzodiorite
Medium to fine-grained areyish rocks. ¢ i

plagioclase, clinapyroxene, biotie, amphibele, cides,

B e - Monzogabbro
= { Mhedium to fme-graimed ghtly dork rocks with hypidiomerphic inequi
exture, Composition: plagioclase, clinopyroxene, & feldspar,

and accessory mineral
i0n bigger than in monzontes.

biotie, amph
occurrencel, Pyroxene con

MON - Firossenite
Very dark medmm-coarie grained rocks. Composition: pyroxene.

plagioclase, rare olivine. Pale plagioclase aggregate veins are typical

D_l 5 d- Mafic sills and dikes
Massive, homogeneaus dark dikes and sills with sheshonitic basalt

iy 1-2 m thick. Altered rodk color
sils usually cut LIV, CTR and SC
dian

rare erange. In the
5:0 - 25 m, Age: Upper L

SEDIMENTARY SUCCESSION
SCI- Sciliar Formation
Massive white.

gray o reddish limestones, locally with pri
ck. Theombolitc struct

nary cawites Ined with em-thick fibrous
ment, somelimes simila 10 siromatactis

crobial
Age: Upper Aniskan - Ladinion

D:‘ LV - Livinallongo Formation (Buchenstein)
Lower part (Pladienialk member): black laminaied sikcifed claystones
in cmhick beds, with volcan ash horizons. Upper part Kollenkalk
memberk: gray i0 qreenish nodular fne-grained lmestones with
thin-shelled bivabves and ealcified raciolarians in em- 10-dm-thick beds,
thin clay interlayers, frequent chert nadules and wolcanic ash horizens.
Local facies vanations occur adjacent 1o slopes of SCI, a5 iniraclastic
grainstones in dem-thick becds with normal grading which substitute the
tattenkalke, and red nodular bmestones with thin-shesed bivalve
calciied radiolarians, crinoids and rore ammonoids {50 cated "Livinal-

ongo rosser) which substitute the Knollenkalke.
vl envisonment(sk deep- water perplatform basin and toe of

hess: > 300 m

kness:0- 60 m. Age: Upper Anistan - Ladinian
[ | €ON - Richthofen Canglomerste, Morbiac Limestone and Contrin
X | Formation

Richthol
pebbles fr

onglame:
 membe

: polychiome conglomerates with em-sized

s of the underlying Werlen Frm, Morbias

s and nodular limestones with dark gray

ontiin Formation: white, massive

slgae (e.q., Diplapara anullatissin
pped together because the Richihole

i Limastone achieve thicknesses of only o fe

Wes

ne gray sty lmest
sity-clay intetayers

d Morb
may be completely missing

Dapositional environment(s): continental iRichthafon Conglomers
to shallow marine (Marbiac Limestone) to carbonate bank (Contrin

Thickness: 100 - 200 m. Age: Upper Anisian

SIU - Shusi Member
L | Lowr past: red and gray limestones and sty imestones in dm-thick
beds, vith commn bi ents e, Claraio clacal). Cm- 1o
o oceur, Middie port red and gray

i nm-scaleal

dinthick eolitc or bioclastic bed
sity limeste

Upper part: red and yellowish sdtsiones and 1
msd-cracks and burrows (Diploc

tes. sometimes with
1 conglomerate’), Muscovite grains
ane visibie. Th ry 5 sharp on AND.

De ral enwironment(s): mixed carbonate-clastic ramp

Thickness: 50 - 80 m. Age: Uppe

I:‘:l AND - Andraz Member
[ , orange, yellow and whitish siltstones and claystones with

calations of laminated aphanctopic white dolamites. This unit
oves o exposed walls, The lower boundary is shar

inement[s): saskha and coastal mudfat

Age: Lower induan

MAZ - Tesero and Mazzin members
Light gray oolitkc grainstones in dni-thick beds (Tesera member, gray
! b moulds
and phosphatic brachiopods, i dm-hick beds 1o some m-thick banks,
separated by marlinterlayers. Dolites of the Tesero member aceur in the
lower 10 m and alternate with marly imestol
and concordant with BEL

Depositional environment(s): carbonate ramp.
Thickness: 3060 m. Age: Lower induon

. The loy

UPPER PERMIAN (Lopingian)

BEL - Ballerophon Formation
Aphanoiopic, light gray to yellowish marly dolomites and wuggy

tolomites altarnated with dark gray to Black marls and clays in ém- to
mhick beds: white laminated and nodular gypsum beds (Tacies
fiammazza). The uppermost few m are made up of gray 1o black
limestones with foraminifera, dasyeladacean algae, Brachiopods and
malluscs, in dm-thick bads and clay interiayers [faies badiora”). The
lower boundary is tramsitional with AVG,

Depasitional enviranment(st: sablkha and coastal mucdfiat (lower part),
epesric carbonate platform iupper par

Thickness: 70 200, Age: Wuchiapingian - Chenghsingian

.:l AVG - Val Gardena Sandstones

Red sandst d siltstenes in dm- to mthick beds, comm
cross Aconghomerate (Sesta Canglomerat
the base, locally made up of pebbles fro
Comphex. Horizons of carbonate nadules oce
Gre sh sandst

£

and i o
The lawer boundary s sharp and erosive with vol
Volcanic Complex

Depositional environmentis): fluvial channels and alluvial plains of &
diyland rive systenn.

ATHESIAN VOLEANIC COMPLEX

ORA - Ora Farmatian

rey-pinkish 10 oran ge-reddish welded rhyohtic lapill
i al jointing. Abundant cry

b

e, plagioclase feldpsars and quartz i
ted), Porphyritic juvenile clasts elonga
1

d v are frequent as well as wolc hic frax

ignémbarites affect by contact metamorphism marked by new develp
ment of biotite. The lower bou arp conform with IGG and
LRE: the boundary with LRE1 is marked by onlap geomery

Thickness: 50-100m. Age: Lower Permian pp.

- Regnana Formation - "Mer

LREY “Membra del $an P
Andesitic grey-greenish massive and block lavas for
. L
]

tic ground mass. T
ated by plagioclase plus pyrose
gments from 5 - 10 mm

Age: Lower P

‘Unit di Cima Cacs
pillistff with pecuar
joint spacing {1.5-2m)

ane Formation

16G2 - Garg:
Massive grey-greenish weld
vertical calurmnar joink

Color locally changes to redivilel because of o
lacally spec tacu et hydrothermal bends oce
nd concentric jomnts. Crys
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The lithostratigraphic units
must:

* Have the same
lithological characters

* Clear stratigraphic
relationship with the
adjacent

* Should be easily
recognizable in the field




D MlaBanca

Structural features

P Strike-slip fault

(certain, uncertain)

—A—4_4_ Thrustfault

A= ~— & (certain, uncertain)

G il Oblique ramp
(uncertain)

/ Generic fault
4

- (certain, uncertain)

—+— Syncline axial plane trace
" Anticline axial plane trace

20 0 Attitude of the beds,
oo with dip angle

It deforms:

Geological structures

(Pizzo Forca)

Sasso Palazza

Col de Mez



/ GMAP It deforms:
@ Geological structures
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It shapes:

\Geomorphological maps

Carton et al. 2021 R, ‘% ‘;‘f/'
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s | It shapes: Deposits
< PR - and Geomorphology

Geomorphological features

Alluvial fan

Quaternary deposits Debris-flow fan

Talus deposits

Rock fall deposits

Colluvial cone

Earthflow deposits

Rotational slide deposits

Moraine ridge

N
X
~
S

Indifferentiated till
(a: with large boulders)

Protalus rampart ridge

Lodgement till
/ Rock glacier ridge

Rock glacier deposits
N N Landslide crown
Protalus rampart deposits )

| Alluvial deposits (a: cemented) ~f—_, Tension crack and trench

| Debris-flow deposits

=1 Palustrine deposits

Colluvium

| Anthropogenic deposits
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From details to
the overall synthesis

SIU - Stusi Member
e ed and gray limestones and

intraclastic conglomerates, sometimes with yellowish or
atrix (so-called "Koken conglomerate’). Muscovite grains
isible. The lower boundary is sharp on AND.

Depositional environment(s): mixed carbonate-clastic amp

Thickness: 50- 80 m. Age: Upper Induan

D:f AND - Andraz Member
Red, pink. orange, yellow and whitish siltstones and claystones vith

rare flaminated w This unit
forms recessive furrows on exposed walls. The lower boundary is sharp
on MAZ.

Depositional environment(s): sabkha and coastal mudfiat

Thickness: 20- 30m. Age: Lower Induan

MAZ - Tesero and Ma:
Light gray oolitic g

by ma i
fower 10 m and alternat
sharp and concordant w
tional environment(s): carbonate ramp.
ness: 30- 60 m. Age: Lower Induan

& with marly limestones. The lower boundary is
BEL

UPPER PERMIAN (Lopingian)

BEL - Bellerophon Formation
Aphanotopic, light gray to yellowish marly dolomites and vuggy

dolomites altemated with dark gray to black marls and clays in dm-to
*d nodular gypsum beds (Tacies

ransitional with AVG

) sabkha and coa
latform (upper pa

Thickness: 70 - 200 m. Age

Dj AVG -Val Gardena Sandstones

Red sandstones and siltstones in dm- to m-thick beds, commonly with
cross bedding. A conglomerate (Sesto Conglomerate) can be present at

the base, locally made up of pebbles from the Athesian Volcanic

Complex. Horizons of carbonate nodules occur mostly within siltstones.

Greenish to whitish sandstones and siltstones occur in the upper part

The lower boundary is sharp and erosive with volcanics of the Athesian

Volcanic Complex,

Depositional environment(s): fluvial channels and alluvial plains of a

dryland river system.
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Reading the geologicalevolution
from a stratigraphic scheme

MEsoZolC

€ i SAN MARTING

CIMA BRENTA:

298 Ma

Credits: E.Manfré
Fondazione Dolomiti Unesco www.dolomitiunesco.it
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MEsoZ.olC

PALEOZOIC

292 Ma

Credits: E.Manfré
Fondazione Dolomiti Unesco www.dolomitiunesco.it
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MESOZOoIC

PALEOZ OIC

Credits: E.Manfré

Fondazione Dolomiti Unesco www.dolomitiunesco.it
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MEsoz.olc

PALEOZOIC

292 Ma

Credits: E.Manfré
Fondazione Dolomiti Unesco www.dolomitiunesco.it
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145 Ma

201 Ma
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Credits: E.Manfré
Fondazione Dolomiti Unesco www.dolomitiunesco.it
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145 Ma

MEsoZ.olc
.
2
0

PALEOZOIC
[resee]

292 Ma

Credits: E.Manfré
Fondazione Dolomiti Unesco www.dolomitiunesco.it
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/GMAP In Summary Earth Geological Maps

(’j Geological Mapping
Geological Evolution
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It forms — Geology —Lithostratigraphy
Polygons Chronostratigraphy

A

Lines 30°
Points

It deforms — Geological structures
and strata attitudes

‘e

It shapes — Geomorphology
Lines and loose deposits

Polygons
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Does it hold for Planetary surfaces?

eur(@ PLANET2024

Research Infrastructure



GMAP Does it hold for planetary surfaces?
/ @ The Impact cratering problem

125.00 s 250.00 s

It deforms
It forms It deforms

- It shapes 1 5t It shapes It forms

1 (—A—\

z [km]

Bt ,
Linné (D: 2

-25 =20 -15 -1.0 -0.5 0.0 B 0 5 10 15 20 25 30
r [km] r [km]

Courtesy: Elena Martellato
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/GMAP Does it hold for planetary surfaces?
@ the Impact cratering problem

Fuller crater (Mercury)

It forms Legend
Contacts

It deformS — Approximate
It shapes - Defined

Gravity induced landforms
Landslide
-~ Edge of terrace
- Trench
= Crown
Impact landforms
Crater rim
Ejecta
Melt pool
Uncertain origin landforms
— Fracture
Crater Wall Units
Terraced material
1 Wall

Crater Floor Units

Central peak
Smooth Floor material
B Hummocky Floor Material

Radar bright material

Bertioli et al. submitted
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GMAP Does it hold for planetary surfaces?
@ In situ geology vs Photo-interpretation

Earth Planet Mercury
(Dolomites - San Pellegrino Pass)

(Keuper Quadrangle)

-l

L)

% 7 | “ ] b/ba et al. 2018
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GMAP oes it hold for Planetary surfaces?
Lithostratigraphic unit
vs Morphostratigraphic unit

7] SIU - Siusi Member
Lower part: red are gray Semestomes aned sty limestones in dem hick
beds, with common bivaive pavements (eg. Claraia clarai, Cm- 1o
dm-thick 00kTIC or bioclastic beds also occur. Middie part: red and gray
y with bivalves In m-scale alt 0 . . .
Unper part sed and yolowth sitsones and marsiones, whi thh 0) St ratl ra h IC an d
mud-cracks and burrows (Diplocraterion), and intercalated horizons of
poory sorted intraclastic conglomerates. sometimes with yellowish o
red oolitic matrix (so-called “Koken conglomerate”). Muscovite grains

e T . Chronostratigraphic units

Thickness: 50- 80 m. Age: Upper induan

Morphostratigraphic unit

AND - Andraz Member I
Red, pink. orange, yellow and whitsh sikstones and claystones with LITHOSTRATIGRAPHY CHRONOSTRATIGRAPHY Geologic Units
rare This unit n e 1 m:: plars matersl P
forms recessive furrows on exposed walls. The lower boundary is sharp el '
Srmoath s matersi-rerher
i 1100 | J240 [
Depositional environmentis): sabkha and coastal mudiat 5 imecsane s materinl
Thickness: 20- 30m Age: Lows bnkiom 5| S UMVANAG 0 PanA" STRZSS, MOrE RSl TSN M 1ha S B
1000 - ercrate plars msterisl
MAZ - Tesero and Mazzin I ’ )
Light gray colitic grainstones in dm-thick beds (Tesero member), gray Crater Materials
el %00 B e e
and phosphatic brachiopods, in dm-thick beds to some m-thick banks. 08 L% | Freshcraiars nain o shanp i, s fecia blaked e st o sparsely ot s
separated by marl interlayers. Oolites of the Tesero member occur inthe a2 has [ i
fower 10m and akemate with marly imestones The lower boundary & 800 K]
sharp and concordant with BEL < ot by dogried
Depositional environment(s): carbonate ramp. > ' x ] Crater oo mateis-amoth
Thickness: 30- 60m Age: Lower Induan % Richthofen = Viry smoeih planar an 3parsey raleed craer o sutaces.
00 Conglomerate M| ] G o e ammocy
S| R o gonty rung, moserattycraered cater foor sufaces
c
UPPER PERMIAN (Lopingian) g I
¥
| 951 - Belierophen Formation 600 S | Craten Materisis Geoiogic Unts
| Aphanotopic, light gray to yellowish marly dolomites and vuggy 5 | ll>so Sl
dolomites alterated with dark gray to black maris and clays in dm- 1o o] .. -
mhick beds; white laminated and nodular gypsum beds (Tacies 500
fammazza"). The uppermost few m are made up of gray to black L
lmestones with algae. and Ind| ||| [SEREEEEEEEE Y A Ay 0 Kuperan
molluscs, in dm-thick beds and day interlayers (“facies badiota”). The =z
lower boundary is transitional with AVG. 400 € 1
Depositional environment(sl: sabkha and coastal mudfiat (lower part). s ‘ Tes .
epesric carbonate platform (upper part]. o
Thickness: 70- 200 m. Age: Wuchiapingian - Changhsingian 300 z I _ i |
255
2§
AVG - Val Gardena Sandstones s | 2|\ _— 1
Red sandstones and siltstones in dm- to m-thick beds. commonly with 200 & - ) Mansuian
(Sesto Cong can be present at w g - -
the base, locally made up of pebbies from the Athesian Volcanic ek - il |
Complex. Horizons of carbonate nodules occur mostly within siftstones. 100 33
Greenish 1o whitish sandstones and siltstones occur in the upper part I
The lower boundary is sharp and erosive with volcanics of the Athesian — i 368 .- H { --------------------
Volcanic Complex. ,
Depositional :mmnmemm fuvial channels and alluvial plains of a 9 C-llz260
dryland rver system. (m) C.: Capitanian; Chang.: Changhsingian; Ind.: Induan (Ma) - M -
: Calorian
I Totstojan
Pre-Tolstogan
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Geologic Map of the Victoria Quadrangle (H02), Mercury

Geologic Units
J ) Galluzzi V.', Guzzetta L.", Ferranti L., Di Achille G.%, Rothery D. A, Palumbo P."*

st

= >
e

Crater Materials
g & y

Surface Features
pre—

R .-

Geologic Contacts
Cora cean

Conac apsrmeran

Linear Features

Galluzzi et al. 2016 .

© S g 28

Correlation of Map Units



Geologic Map of the Victoria Quadrangle (H02), Mercury

Galluzzi V., Guzzetta L', Ferranti L2, Di Achilie G.%, Rothery D. A, Palumbo P.**
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PLANMAP

Gealagic Mapping of our Sokr System

Geological map of the Hokusai Quadrangle (H05), Mercury
Wright J.", Rothery D. A ', Balme M. R.', Conway S, J.2

'School of Physical Sciences, The Open University, Milton Keynes, MK7 6AA, United Kingdom
i A — “CNRS, Laboratoire de Planétologie et Géodynamique. Université de Nantes, France
rials (five degradation classes) 1:3,000,000

Rachmaninoff 8
matorial overtying perched impact
2 Hokusai small sUparposing o oy gy wrinkle ridge ring :‘:”m‘:“”’:} Intercratar plains melt ponds,
e Impact craters. overlying buried small superposing ‘ '
/. \ subsigence impact crater impact craters ridge ring l
; volcanic i/ oaay fing 7

volcanic fill

km_a thermal contraction MPact melt
and subsidence
- of volganic fil
-0

et al. 2019

Wright
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/GMAP

(’j Geological Mapping

Polygons

Lines (‘\v\xgo( )
Points

‘e

Lines
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In Summary Planetary
Morpho-stratigraphic Maps

It forms — Morphostratigraphy

It deforms — Geological structures

It shapes — Geomorphology

More Uncertain
Geological Evolution
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Geological Mapping
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Tognon et al. 2021
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Towards Earth-like Geological Maps
Integrating colors and reflectance

Kilometers 0 50 100

L 1 J
Geologic units Geologic contacts Kilometers
Crater floor units Contact, certain Color-based spectral units Spectral contacts
am
bpt Contact, certain
r! Senook mele Linear features BEN Basaltic plain 1 Contact, approximate
B Hummocky material ——— Crest of small crater rim (diam.> 1 km) )

bp2

E Crest of crat diam.> 20 k B Basaltic plain 2
f >

“#l Central peak rest of crater rim (diam m) =

Mare rille

Basaltic plain 3 R415/R750 nm

1l uni
Crater wall units R750/R415 nm

P
i Smooth ponds Tectonic features S8 Noritic-anorthosite/troctolite

= Fault, certain -
T Steep scarps Il Anorthosite R750/R1000 nm
& — — Fault, uncertain

hs
B inner siope Wrinkle ridge I Mature and reworked highland soil




PLANMAP

Magping ofour Selr Systen

Geostratigraphic map of Rachmaninoff crater and Nathair Facula in the Hokusai Quadrangle (H05) of Mercury
J. Wright', F. Zambon?, C. Carli?, D. A. Rothery', M. R. Balme', S. J. Conway®

Integrating
°
School of Physical Sciences, The Open University, Walton Hall, Milton Keynes, MK7 6AA, UK
l I I O r O - S r a I r a 2INAF, Istituto di Aslrorsnca e Planetologia Spaziali (IAPS), Via del Fosso del Cavaliere, Rome 00133, Italy
ICNRS L ire de Plané et Ge ique de Nantes, Université de Nantes, 2 rue de la Houssiniere, 44322, Nantes, France

1:3,000,000
L] L] '
Introduction i
e
This map combines the geomorphic unts, mapped in s
the Hokusai quadrangle of Mercury (HOS) by Wright et L
al. (2019), with spectral units, defined by Zambon et al. HOS - Hokusai. HO4 - Raditadi HO3 - Shakespanre HO2 - Vi
Im prep) for the same quadrangle, to create Apolunia Lgura ats Avrorn
units’. As a first of this 2s
data fusion technique, a subregion of HOS5 |
s o it oty v Ak M #0-Oran | Hua-Emmescu | Hon-Toty | 107 - Besthoen | 100 -Kuper
birsasonidiopgfedtunslives Pusa | St Crophon | Phesmonsas | Sotdotyesass | Trorans
impact crater materials into five classes. Only four of 26! 3 T e T
those classes occur within subregion shown. Zambon et H14 - Debussy HI3- Neruda H12 - Michelangeio H11 - Discovery
al, (in prep.) identified 11 spectral units (SU1-SU11) Cytere
i HOS.Ony SU4-SUT0 ocur win h srogn e e et e e
. o

Morpho-stratigraphic map

Spectral Index map

Geostratigraphic map

Linework and Ornaments

o

Geostratigraphic units

Crater materials
€, craters.

EEEnN

Wekgeserved craler mateial. Shap s and Pbeenal peak.
Torrd et arkts Abedo s bt . s e
efioziance

Geostratigraphic units are labelled wih their ariginal
geomorphic. unit symbol from Wright et al. (2019)
followed by a superscrpt of their spactral und number
from Zambon et al. in prep.). Geostraligraphic unls
of the same onginal geomorphic unit are symbolised
in shades of ther original symbol from Wright et al,
(2019). Darker shades are used for geostratigraphic
units wih spectal units with lower oven
Spectral unts uniquely corrplated witt

Suisce ectures ouch 88 craer rays, (SUB) and
Nathair Facula (SU7). rather than ‘bedrock’ geology
ae shown by surface feature symbols.

Plains materials
Smooth plains

EER

Soasclycataed ars. Probaty el whrs rosy

subdued. Peaks and distal jecss rare.
c craty

i 6 S

iy oy oo i, o o i
or atsent. jecta gresent in et examgles only
Smooth crater floor

] 1 e

S, sar matora conted to craters.
e e ot e o vk crer 4. i

m..m, irpac it 1" ey pnded Rachmannol

Intermediate plains
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Legenda

Dark fine grained deposits

- Low albedo fine grained well sorted dunes
and sand sheets. Present in patches up to
few meters thick

Stratigraphic  distribution: ~ Noachian?-
Recent?

Mantling
- Low albedo smooth fine grained
sedimentary deposits. Present in patches

up to few meters thick
Stratigraphic  distribution:  Noachian?-
Recent?

Eberswalde Formation

High albedo sedimentary material subdivided in two
members parly eteropic and partly overlapping.
Stratigraphic distribution: Noachian?

] Layered Member
Low and high albedo interlayered metric

thick strata. Bright layers display coarse
to breccia texture, sharp edges and
polygonal fractures. Darker layers
consist of fine grained, well sorted
deposits. The overall thickness ranges
from tens of meters to about 100
meters.

Non-layered Member

- High albedo deposits with no or very
fant stratification. It displays coarse
texture, sharp edges and polygonal

fractures.The overall thickness is
estimated to be 10 to 20 meters.

. Substratum
28 Massive to brecciated light-toned material

Stratigraphic distribution: Noachian

0s: Stratigraphy
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Towards Earth-like Geological Maps: Subsurface
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GMAP Towards Earth-like Geological Maps
highly detailed maps
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/GMAP Conclusions

(,j Geological Mapping

- Any geological map should provide information on the evolution of a given territory in terms of
formation, deformation and shaping

- Earth geological maps are produced mainly through in situ surveys and based on Litho-
stratigraphy

- Planetary geological Maps are produced through photointerpretation and based on Morpho-
stratigraphy

- For several reasons (dominant impact cratering and lack of in situ information) it will be a long
way for planetary geological maps to approach the Earth ones,

- Important improvements have been made in the last decade including compositional
(reflectance) information, stratigraphic correlations, subsurface reconstructions and detailed
mapping (for landing sites characterization).
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