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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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Thickness: 30 µm
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DESCRIPTION OF SAMPLE BINDER
Type (bedding mortar, plaster, etc.) Texture (homogeneous, clumped, plagued, etc.).

Stratigraphy (from the substrate) Structure (microcrystalline, sparitic).

Number of layers Mineralogical composition

Thickness of the layers (total and of each single layer) Interactions with the aggregate (reaction rims, etc.).

Adehesion Lumps (type, morphology)

- To the substrate (to be determined at the sampling stage)

- Between the individual layers (good, poor) VOIDS
Staining, protective coatings or other Location

Neoformation products (efflorescence, biological patina, etc.) Form

MACROSCOPIC DESCRIPTION OF THE SINGLE LAYERS AGGREGATE
Dimensional appearance (maximum dimensions) Grain size

- Coarse conglomeratic (over 4 mm) Sorting/distribution

- Fine conglomeratic (between 2 mm and 4 mm) Form (natural, from comminution)

- Arenaceous (less than 2 mm) - Sphericity (see figure 2)

- Siltstone (undetectable) - Roundness (see figure 2)

Color Areal distribution (homogeneous, banded, etc.)

- Mass Orientation

- Of the individual clasts. Presence of reaction rims

Cohesion Mineralogical and petrographic composition

- Very tough (won't break).

- Tenacious (fragments without crumbling). ADDITIVIES
- Crumbly (crumbles by finger pressure or flakes). - Classification

- Inconsistent. - Dimensions

BINDER TO AGGREGATE RATIO

QUANTIFICATION OF ELEMENTS
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TRANSMITTED LIGHT – CROSSED NICOL TRANSMITTED LIGHT – PARALLEL NICOL
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TRANSMITTED LIGHT – CROSSED NICOL TRANSMITTED LIGHT – PARALLEL NICOL
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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)

Homogeneous micritic lime binder

Homogeneous micritic lime binder
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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) Un-homogeneous lime binder

Microsparitic binder (> 10 µm)
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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)

Carbonated binder

Unproperly carbonated binder
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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)

Un-carbonated binder 

(pozzolanic gels)

Un-carbonated binder 

(natural hydraulic lime)
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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)

Unmixed lime (lump)

Unmixed lime (lump)
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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)

Overburnt lime

Overburnt lime



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) Dolostone relict

Sparite relict
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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)
Fossiliferous limestone

Travertine relict
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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) Lump (marly limestone)

Lump (cherty limestone)
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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)

Silt-clay binder

“Mud mortar”

Gypsum binder
Pecchioni et al. 2014Pecchioni et al. 2014
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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)

Mixed binder

“malta bastarda”

Mixed binder

“malta bastarda”
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VOIDS

Location

Form

Volume %

Kemp 1995
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VOIDS

Location

Form

Volume %

Diffused porosity (vughs voids)

Low porosity (vescicles voids)
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VOIDS

Location

Form

Volume %

Diffused porosity (planar voids)

Distributed porosity (channel voids)
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VOIDS

Location

Form

Volume %

Precipitation of newformed calcite

Precipitation of newformed calcite
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AGGREGATE

Grain size

Sorting / Distribution

Form (natural, from 

comminution)

- Sphericity

- Roundness

Areal distribution

(homogeneous, 

banded, etc.)

Orientation

Presence of reaction 

rims

Mineralogical and 

petrographic

composition Wentworth 1922
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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 Wentworth 1922
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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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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

F. to M. gravel (med. Sorting)

Unimodal distribution

Homog. areal dist

rounded and spherical

F. to M. gravel and m. sand (M. sorting)

Bimodal distribution

Un-hom. areal dist

Rounded and spherical

F. gravel and m. sand (High sorting)

Bimodal distribution

Homog. areal dist

rounded and spherical

Fine sand (high sorting)

Unimodal distribution

Hom. areal dist

Rounded and spherical
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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

Coarse T. fragments (med. Sorting)

Bimodal distribution

Homog. areal dist

Angoular

Coarse T. and L. fragments (med. sorting)

Unimodal distribution

Homog. areal dist

Angoular

Fine T. fragments (high Sorting)

Unimodal distribution

Homog. areal dist

Angoular

Fine L. fragments (high Sorting)

Unimodal distribution

Homog. areal dist

Angoular
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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

Sub-planar orientation

Sub-planar orientation
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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

Ch
Cc

Sandstone

Qz
Ort

Ort

Ort

Pl

Chert and cabonate sand
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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

Spc

Sparry calcite

Sparry calcite 

vein in limestone



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

Pl

Cpx

Clinopyroxene (Augite)

Cpx

Hm
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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

Cpx

Vr

Kfs

Pl

Mqz

Cc

Kfs

Vr

Kfs

Cpx
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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

Vesicular tephrite (Lava)

Tuff clast

Amp
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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

Shells

Reused mortar fragments

Sh

Sh

Sh

Sh
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Clinopyroxene (Augite)

Leucite

cpx

pumice

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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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 volcanic tephra (pumice)

rVT (pum)

cpx

rVT (pum)

Cocciopesto
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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

Reacted chert

Reacted dolostones

Dl

Dl
Dl
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ADDITIVIES

- Classification

- Dimensions

Coarse charcoal

Fine charcoal

Ort
Ch

Ch

Ch
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ADDITIVIES

- Classification

- Dimensions

Straw and chaff

Tree fiber (oak)
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BINDER TO AGGREGATE RATIO (B:A)

QUANTIFICATION OF COMPONENTS

Lean mortar (B:A < 1:2)

«Normal» mortar (B:A ∿ 1:2) «Fat» mortar (B:A > 1:2)

Lean mortar (B:A < 1:2)
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BINDER TO AGGREGATE RATIO

QUANTIFICATION OF COMPONENTS

Baccelle et al., 1965Müller, 1964

Coarse Aggregates Fine AggregatesVoids
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BINDER TO AGGREGATE RATIO

QUANTIFICATION OF COMPONENTS

Im
a

g
e

 a
n

a
ly

s
is

Image-J 

software

(free)
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THANK YOU FOR YOUR 

ATTENTION!


