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Petrographic analysis of binding composites

1) To define what was the ancient builders’ awareness of the resources
available in their territory;

2) To determine when the functionality criterion prevailed over that of
availability or vice versa,

4) To answer all those “whys” that follow the provenance issue’s
resolution and require a thorough knowledge of both the territory and
the ancient production techniques (which type of binder? where the
aggregates were collected?)

3) To find rational explanations to technologically choices (i.e. How they
manufactured the mixture? Do they need to waterproof? They
searched for a structural reinforcement?)
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Petrographic analysis of binding composites
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Petrographic analysis of binding composites

DESCRIPTION OF SAMPLE

Type (bedding mortar, plaster, etc.)

Stratigraphy (from the substrate)

Number of layers

Thickness of the layers (total and of each single layer)
Adehesion

- To the substrate (to be determined at the sampling stage)
- Between the individual layers (good, poor)

Staining, protective coatings or other
Neoformation products (efflorescence, biological patina, etc.)

MACROSCOPIC DESCRIPTION OF THE SINGLE LAYERS

Dimensional appearance (maximum dimensions)
- Coarse conglomeratic (over 4 mm)

- Fine conglomeratic (between 2 mm and 4 mm)
- Arenaceous (less than 2 mm)

- Siltstone (undetectable)

Color

- Mass

- Of the individual clasts.

Cohesion

- Very tough (won't break).

- Tenacious (fragments without crumbling).

- Crumbly (crumbles by finger pressure or flakes).
- Inconsistent.
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BINDER

Texture (homogeneous, clumped, plagued, etc.).
Structure (microcrystalline, sparitic).

Mineralogical compaosition

Interactions with the aggregate (reaction rims, etc.).
Lumps (type, morphology)

VOIDS

Location
Form

AGGREGATE

Grain size

Sorting/distribution

Form (natural, from comminution)

- Sphericity (see figure 2)

- Roundness (see figure 2)

Areal distribution (homogeneous, banded, etc.)
Orientation

Presence of reaction rims

Mineralogical and petrographic composition

ADDITIVIES

- Classification
- Dimensions

BINDER TO AGGREGATE RATIO
QUANTIFICATION OF ELEMENTS
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Petrographic analysis of binding composites

BINDER

Texture
(homogeneous,
clumped, plagued,
etc.).

Structure
(microcrystalline,
sparitic)

Mineralogical
composition

Interactions with
the aggregate
(reaction rims, etc.)

Lumps (type,
morphology)
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Petrographic analysis of binding composites

BINDER

Texture
(homogeneous,
clumped, plagued,
etc.)

Structure
(microcrystalline,
sparitic)

Mineralogical
composition

Interactions with
the aggregate
eaction rims, etc.)

Lumps (type,
morphology)
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BINDER

Texture
(homogeneous,
clumped, plagued,
etc.)

Structure
(microcrystalline,
sparitic)

Mineralogical
composition
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Petrographic analysis of binding composites

BINDER

Texture
(homogeneous,
clumped, plagued,
etc.).

Structure
(microcrystalline,
sparitic).

Mineralogical
composition

Interactions with
the aggregate
(reaction rims,

etc.).

Lumps (type,
morphology)
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Petrographic analysis of binding composites

BINDER

Texture
(homogeneous,
clumped, plagued,
etc.).

Structure
(microcrystalline,
sparitic).

Mineralogical
composition

Interactions with
the aggregate
(reaction rims,

etc.).

IO Unmixed lime (lump)

DEGLI STUDI

P DI GEOSCIENZE  Sorivinsanarimentat &ifcecs " BENI CULTURALI
DI PADOVA

L Construction Materials and Binders

vmsms. JBC @ soern I CIBA o Materials Properties, Use and Conservation:




Petrographic analysis of binding composites

BINDER

Texture
(homogeneous,
clumped, plagued,
etc.).

Structure
(microcrystalline,
sparitic).
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composition
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Lumps (type,
morphology)

Ui soern I CIBA o Materials Properties, Use and Conservation:

DEGLI STUDI AR DI GEOSCIENZE  Sorimdnsrdpartmentale - BEN! CULTURALI
" e dei Legant i

D1 PADOVA Construction Materials and Binders




Petrographic analysis of binding composites

BINDER

Texture
(homogeneous,
clumped, plagued,
etc.).

Structure
(microcrystalline,
sparitic).

Mineralogical
composition

Interactions with
the aggregate
(reaction rims,

etc.).

Lumps (type,
morphology)
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Petrographic analysis of binding composites

BINDER

Texture
(homogeneous,
clumped, plagued,
etc.).

Structure
(microcrystalline,
sparitic).

Mineralogical
composition

Interactions with
the aggregate
(reaction rims,

etc.).

Lumps (type,
morphology)
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BINDER

Texture
(homogeneous,
clumped, plagued,
etc.).

Structure
(microcrystalline,
sparitic).

Mineralogical
composition

Interactions with
the aggregate
(reaction rims,

etc.).

Lumps (type,
morphology)
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BINDER

Texture
(homogeneous,
clumped, plagued,
etc.).

Structure
(microcrystalline,
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Mineralogical
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BINDER

Texture
(homogeneous,
clumped, plagued,
etc.).

Structure
(microcrystalline,
sparitic).

Mineralogical
composition

Interactions with
the aggregate
(reaction rims,

etc.).

Lumps (type,
morphology)
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Petrographic analysis of binding composites
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Location

Volume %

DEGLI STUDI
DI PADOVA

DI GEOSCIENZE  Sorivinsanarimentat &ifcecs " BENI CULTURALI

sl pipawosrion - IRV . TeoNoLoGI Construction Materials and Binders

vmsms. JBC @ soern I CIBA o Materials Properties, Use and Conservation:
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Location

Volume %
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Petrographic analysis of binding composites

Location

Volume %
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Petrographic analysis of binding composites

AGGREGATE

Size range Size range Aggregate name
(metric) (approx. inches) (Wentworth class)
Sorting / Distribution <-8 >256 mm >10.1in Boulder
Form (natural, from -6 t0 -8 | 64-256 mm 25-1011in | Cobble |
comminution) -5t0-6 [32-64mm | 1.26-25in Very coarse gravel | Pebble
-4t0-5[16-32mm | 0.63-1.26in Coarse gravel Pebble
- Sphericit ' ' I 1
sl _3to-4 |8-16mm | 031-063in Medium gravel Pebble
-2t0 -3 | 4-8 mm 0.157-0.31 in Fine gravel Pebble
- [Rellelizse -1t0-2 | 2-4 mm 0.079-0.157 in Very fine gravel Granule
Dto-1 | 1-2 mm 0.039-0.079 in Very coarse sand
Areal distribution 1100 |05-1mm | 0.020-0.039in Coarse sand
(homogeneous, . . .
banded, etc.) 2to 1 0.25-0.5 mm | 0.010-0.020 in Medium sand
3to2 |125-250 ym | 0.0049-0.010 in Fine sand
Orientation | i |
4t03 |62.5-125 uym | 0.0025-0.0049 in Very fine sand
Presence of reaction 8to4 |39-62.5um |0.00015-0.0025in | Silt Mud
rnms
10to 8 |0.98-3.9 um | 3.8x1075-0.00015 in | Clay Mud
Mineralogical and 20to 10 | 0.95-977 nm | 3.8x10°8-3.8x107° in | Collioid Mud
petrographic
composition Wentworth 1922
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Petrographic analysis of binding composites

AGGREGATE

Grain size

Sorting / Distribution

Form (natural, from
comminution)

- Sphericity
8-4 mm 4-2mm 2—-1mm -} mm

Pebble gravel Granule grave Very coarse sand Coarse sand

- Roundness

Area distribution
(homogeneous,
banded, etc.)

Orientation

Presence of reaction

rims
-1 mm 3—1'a mm ve—zh mm
Medium sand Fine sand Very fine sand Silt
Mineralogical and -
petrographic
composition Wentworth 1922
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Petrographic analysis of binding composites

AGGREGATE

Grain size

Sorting / Distribution

Form (natural, from
comminution)

- Sphericity

GRAIN SIZE AND
SORTING

- Roundness

Area distribution
(homogeneous,
banded, etc.)

Orientation alta

Presence of reaction
rims

bassa
sfericita

Mineralogical and

petrographic
composition
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Petrographic analysis of binding composites

AGGREGATE

Grain size

Sorting / Distribution

Form (natural, from
comminution)

- Sphericity

Blmodal d|strw
Homog. areal-dis

- Roundness
rounded and sphencal

Area distribution
(homogeneous,
banded, etc.)

Orientation

Presence of reaction
rims

Mineralogical and
petrographic
composition
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Petrographic analysis of binding composites

AGGREGATE

Grain size

Sorting / Distribution

Form (natural, from
comminution)

- Sphericity
- Roundness

Area distribution
(homogeneous,
banded, etc.)

Orientation

Presence of reaction
rims

Unlme

Mineralogical and  ENC (e L s G s - - Homed: *a@eaﬁg%wg
petrographic et it € T o SN R Aﬂg@UI%r,
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Petrographic analysis of binding composites

AGGREGATE

Grain size

Sorting / Distribution

Form (natural, from
comminution)

- Sphericity
- Roundness

Area distribution
(homogeneous,
banded, etc.)

Orientation

Presence of reaction
rims

Mineralogical and
petrographic
composition
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Petrographic analysis of binding composites

Grain size

Sorting / Distribution

Form (natural, from
comminution)

- Sphericity

- Roundness

Area distribution
(homogeneous,
banded, etc.)

Orientation

Miscibility Gap

Presence of reaction
rims

/ Andesine [Labradorite\Bytownite\

Ca

Mineralogical and
petrographic
composition

Plagioclase Feldspar
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Petrographic analysis of binding composites

AGGREGATE

Grain size

Sorting / Distribution

Form (natural, from
comminution)

- Sphericity

- Roundness

Area distribution
(homogeneous,
banded, etc.)

Sparry calcite
Orientation vein in limestone

Presence of reaction
rims

Mineralogical and
petrographic
composition
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Petrographic analysis of binding composites

AGGREGATE

Grain size

Sorting / Distribution

Form (natural, from
comminution)

- Sphericity

- Roundness

CELQ Sig 06

Area distribution . wollastonite

(homogeneous,
banded, etc.)

N
N
B

Orientation

MgCaSisOg = FeCaSiyOg
& ’ b/ diopside | hedenbergite "\, 26

Presence of reaction

rims augite
. . pigeonite
Mineralogical and

petrog ra_p_h e / (clino)enstatite [ (c]ino)ferrosilile\
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Petrographic analysis of binding composites

AGGREGATE

Grain size

Sorting / Distribution

Form (natural, from
comminution)

- Sphericity

- Roundness

Area distribution
(homogeneous,
banded, etc.)

Orientation

Presence of reaction
rims

Mineralogical and
petrographic
composition
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Petrographic analysis of binding composites

AGGREGATE

Grain size

Sorting / Distribution

Form (natural, from
comminution)

- Sphericity

4 5

el
e

AN AR
eflLhva). ¢

:

- Roundness @ph

Area distribution
(homogeneous,
banded, etc.)

Orientation

Presence of reaction
rims

Mineralogical and
petrographic
composition
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Grain size

Sorting / Distribution

Form (natural, from
comminution)

- Sphericity
- Roundness

Area distribution
(homogeneous,
banded, etc.)

Orientation

Presence of reaction
rims

Mineralogical and
petrographic
composition
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AGGREGATE

Grain size

Sorting / Distribution

Form (natural, from
comminution)

- Sphericity
- Roundness

Area distribution
(homogeneous,
banded, etc.)

Orientation

Presence of reaction
rims

Mineralogical and
petrographic
composition
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Petrographic analysis of binding composites

AGGREGATE

Grain size

Sorting / Distribution

Form (natural, from
comminution)

- Sphericity
- Roundness

Area distribution
(homogeneous,
banded, etc.)

Orientation

Presence of reaction
rims

Mineralogical and
petrographic
composition

'Reacted volcanlc tephra (pumlce)
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AGGREGATE

Grain size

Sorting / Distribution

Form (natural, from
comminution)

- Sphericity

w’-.
- Roundness e

Area distribution
(homogeneous,
banded, etc.)

Orientation

Presence of reaction
rims

Mineralogical and
petrographic
composition
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Petrographic analysis of binding composites

ADDITIVIES

- Classification

- Dimensions
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Petrographic analysis of binding composites

ADDITIVIES

- Classification

- Dimensions
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Petrographic analysis of binding composites

BINDER TO AGGREGATE RATIO (B:A)
QUANTIFICATION OF COMPONENTS

T
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Petrographic analysis of binding composites

BINDER TO AGGREGATE RATIO
QUANTIFICATION OF COMPONENTS

Coarse Aggregates Fine Aggregates
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. \\ I;'ﬁ - ...' -. . -.. c"a‘.‘l

Baccelle et al., 1965
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Petrographic analysis of binding composites
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Petrographic analysis of binding composites

! S 8| \ : £ Al centro un grumo fessurato, La fessurazione
e A ¥ . dei grumi & spesso riscontrata nelle malte, Cio
y 5 . ] uto a fenomeni di ritiro che caratterz-

. v . zano proprio la porzione della matrice legante

s v e ey . di una malta e tanto pilt una zona é fessural

IN SEZIONE SOTTILE AL MICROSCOPIO OTTICO ‘ e YA Wl CENN St & i 8 0t & s
e T A LR RN  zione. Limpasto é relativamente grasso ¢on un
ATI.M OF THE AN('ENT MORI.ARS ' & . ¥ » 3 aggregato costituito da f ti di rocce

arenacee {in basso a sin cciopesto,

IN THIN SECTION UNDER OPTICAL MICROSCOPE L N r ““ silit (framment di forma ovale a destra)

is due to shrinkage phenomena that
racterize precisely the binder of a mortar.
ch more an area is fissured, the more will
be subject to possible disintegration. The mix
is relatively fat with an aggregate consisting
of sandstone f nents (bottom left), ground
fired bricks and siltstones (oval shape frag
ment on the right).

NARDINI EDITORE

ALLETTAMENTD DEL CAMPANILE DEL MORTAR OF THE WER 0F THE
Duomo o PreTRASANTA (L 5 Carneoras oF PeTrasana {Lucca)
(XVI & (XVIrs centuny)
Nell'immagine & evidente al centro un grumo A cracked lump is visible in the center of the
di legante fessurato per fenomeni di ritir g- image. The aggregate of the mortar is made of
gregeto della malte & costituito da frammenti  quartzite fragments
di quaraiti
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