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MULTIMETHODOLOGICAL APPROACH 

IN INDUSTRIAL MINERALS MINING

     RAW MATERIALS FOR CERAMICS :

CLAY MINERALS

STUDY OF LOZZOLO CLAY DEPOSIT : 

A DIFFICULT CASE
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RAW MATERIALS WORLD CONSUMPTION FOR CERAMICS

350-400 MILLION TONS

TILES

250-300 MILLION TONS/YEAR

REFRACTORIES

50 MILLION TONS/YEAR

SANITARYWARE

9-10 MILLION TONS/YEAR

 
TABLEWARE

7-9 MILLION TONS/YEAR

CERAMIC PIPES & LIGHT AGGREGATES

3-4 MILLION TONS/YEAR

Dondi,2013 modified
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IN 2024, THE WORLD PRODUCTION OF CERAMIC TILES

 REACHED 14.95 BILLION SQUARE METERS

 (IN 2022 IT WAS OVER 16 BILLION)

IN PRELIMINARY FIGURES ITALIAN TILE PRODUCTION OF 2025

 IS ESTIMATED AROUND 388 MILLIONS M² (+5% ON 2024)
(DATA FROM CONFINDUSTRIA CERAMICA)

WORLD PRODUCTION OF CERAMIC TILES (2024) = 14950 KM²

 

MORE THAN 90 % OF TILE PRODUCTION IS REPRESENTED 

BY GLAZED AND UNGLAZED PORCELAIN TILES (W.A.< 0,5 % ISO 13006). 

ABOUT 2/3  GLAZED AND 1/3 UNGLAZED TILES.

 EXPORT AMOUNT IS AROUND  80 % OF THE TOTAL PRODUCTION.
(DATA FROM CONFINDUSTRIA CERAMICA)
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  A TYPICAL PORCELAIN TILE BODY COMPOSITION 
  IS MAINLY COMPOSED BY THE FOLLOWING ELEMENTS :
  

  CLAYS AND KAOLINS       30-40 %

  PLASTIC PART

  NECESSARY FOR A CORRECT SHAPING OF THE TILE

  

  

  FELDSPARS         40-50 %   
  FLUX PART  
  REQUIRED FOR THE MELTING OF THE PRODUCT DURING FIRING

 

  

  SANDS         10-20 %
  INERT PART 
  IMPORTANT TO HELP THE CORRECT COMBUSTION 
  AND GIVE STRUCTURE DURING FIRING

 
   

RAW MATERIALS REQUIRED FOR PORCELAIN TILE BODY COMPOSITION
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( Di Primio, 2026 )

CLAY SOURCES AVAILABLE IN ITALY FOR TILE BODY COMPOSITION (2023) 340,000 TONS

AROUND 10 % OF THE TOTAL

CLAY SUPPLIES FOR ITALIAN TILE BODY PRODUCTION : 2021-2023

( Dondi, 2023 )
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Near magmatic acid rocks

Distance up to 1000 km or more 

(import for special qualities only)

CLAYS FOR PORCELAIN TILES ( BRGM , 1983 MODIFIED )

WHERE TO SEARCH

WHAT TO SEARCH

Open pit mines 

Overburden/clay thickness until 5/1

Quantity available about 1 million tons

Constancy of available qualities

SELECTION CRITERIA

Kaolinite 50-80% (minimum > 30-50%)

Illite & Interlayered clays until 20-30 % 

  Fe2O3 < 1,5-2,0 % TiO2 < 1,0-2,0 % 

Silica content < 25 %

Feldspar & others content until 25 %

Smectite, Halloysite < 5 %

Organic matter S, F minerals < 0,2 % 

Gypsum, soluble salts not allowed 
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         CLAYS FOR PORCELAIN TILES 
TYPICAL CHEMICAL AND MINERALOGICAL ANALYSES OF CLAYS USED IN EUROPE
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(Dondi, 2021)

Eocene-Oligocene ball clay deposits In Europe

(Dondi, 2006)
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CHEMICAL AND MINERALOGICAL DIFFERENCES 
BETWEEN A MARINE AND CONTINENTAL CLAY 

WITH THE SAME GEOLOGICAL AGE IN THE SAME AREA 

( PLIOCENE , NORTHERN ITALY )

MULTIMETHODOLOGICAL APPROACH IN INDUSTRIAL MINERALS MINING , MILANO 03 07 2026

CERAMIN CONSULTING



LOZZOLO CLAY MINES, VERCELLI PROVINCE NORTHERN ITALY
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MANIFATTURA CERAMICA POZZI, GATTINARA FACTORY
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LOZZOLO REFRACTORY CLAY MINES ARE EXPLOITED FROM THE BEGINNING OF ‘900

LOZZOLO, 1930
EX ACDAL , NOW FONDAT BY MINERALI INDUSTRIALI
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PREVIOUS SITUATION OF THE CLAY MINE (YEAR 2000)

POSITVE ELEMENTS

- GOOD KNOWLEDGE ABOUT DIFFERENT LITHOTIPES AVAILABLE IN THE MINE

- LONG EXPERIENCE OF THE WORKERS IN MINE EXCAVATION

NEGATIVE ELEMENTS

- ABSENCE OF UPDATED GEOLOGICAL AND LITHOLOGICAL MAP OF THE MINE

- ABSENCE OF LOCAL LABORATORY FOR QUALITY CONTROL

- COMPLEX VARIABILITY OF THE CLAY QUALITY PRESENT IN THE MINE

- MINING FOCUSED ONLY ON RED PRODUCTS LESS REQUIRED BY INDUSTRY
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- XRF chemical analysis and L.o.I.

- XRD and Rietveld mineralogical analysis

- DTA/TG analysis

- Firing test on muffle kilns

- Technological tests for ceramics

SET UP OF A NEW LABORATORY NEAR THE MINE
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DRAWING OF A NEW REGIONAL GEOLOGICAL MAP OF LOZZOLO AREA

CLAYS FOR CERAMICS

QUATERNARY DEPOSITS

VOLCANIC ROCKS (PARENT ROCKS) 

CARBONATE ROCKS
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LABORATORY EVALUATION : XRF CHEMICAL MONITORING OF ALL THE CLAY QUALITIES AVAILABLE IN THE MINE
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LABORATORY EVALUATION CLASSIFICATION OF CLAY QUALITIES ACCORDING TO CERAMIC BEHAVIOUR

LIGHT FIRING CLAYS PLASTIC CLAYS RED FIRING CLAYS

 GOOD CONTENT IN ILLITE/MICA

 GOOD PLASTICITY

 LESS REFRACTORY BEHAVIOUR

 DARK COLOUR AFTER FIRING

 HIGH CONTENT IN Fe TI OX.

 REFRACTORY BEHAVIOUR

 LIGHT COLOUR AFTER FIRING

 GOOD CONTENT IN KAOLINITE

 REFRACTORY BEHAVIOUR
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DRAWING OF A NEW DETAILED GEOLOGICAL MAP OF THE EXPLOITED AREA
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NEW CLAY PRODUCT FOR GLAZED PORCELAIN TILES

CREATED BLENDING LIGHT FIRING LITHOTYPES CONROLLED BY THE LOCAL LABORATORY
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PRELIMINARY DRILLING WITH MECHANICAL AUGER INSIDE THE CLAY MINE
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HELP OF MECHANICAL AUGER DRILLING IN CLAY MINING

S1/S2 → LOWER RED FIRING CLAYS

NOT TOO INTERESTING FOR FUTURE MINING EXPLOITATION

1230 °C

S3/S4/S5 → LIGHT FIRING CLAYS

VERY INTERESTING FOR FUTURE MINING EXPLOITATION

Fe2O3 = 4-5 %

TiO2 > 1 %

Fe2O3 = 1-1,5 %

TiO2 < 1 %
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CORE DRILLING PROSPECTING OPERATIONS AROUND THE MINING AREA
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SUMMARY OF TRADITIONAL METHODS OF PROSPECTING OF CLAY DEPOSIT

PROSPECTING

LABORATORY

GEOLOGICAL MAP

SELECTIVE EXCAVATION

CONTROLLED STORAGE
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   -  INCLINED CLAY LAYERS > 40°

   -  SHARP LATERAL VARIATIONS

   -  SUDDEN DEEPENING OF CLAYS

   -  INVERSION OF STRATIGRAPHIC SERIES

NEW PROSPECTING STUDIES REQUIRED 

TO HELP A REVISION 
OF PREVIOUS STRATIGRAPHIC 

AND GEOLOGICAL INTERPRETATION

?

PROBLEMS OF GEOLOGICAL INTERPRETATION STILL PRESENT AFTER FIRST PROSPECTING PHASE
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NEW PROSPECTING TECHNIQUES

I) DIGITAL TOPOGRAPHIC MODEL OF THE MINING AREA WITH HIGH PRECISION GPS RECORDING
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NEW PROSPECTING TECHNIQUES

II) DETAILED SURFACE SAMPLING WITH GPS POSTIONING AROUND THE MINING AREA
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NEW PROSPECTING TECHNIQUES

III) GPS TOPOGRAPHIC POSITIONING OF ALL THE PREVIOUS CORE DRILLING WITH THE AID OF G.I.S. SOFTWARE

S3 08 2010

S2 05 2010

S2 08 2010

S1 05 2010

S1 2011

S2 2003 S3 2011

Ubication of rotary core drilling

(with GIS software)

Exploited area

Prospecting area
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NEW PROSPECTING TECHNIQUES

IV) GEOLOGICAL INFORMATION AND ANALYTICAL DATA RECORDED ON G.I.S. PROJECT
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NEW PROSPECTING TECHNIQUES

V) GEOPHYSICAL SURVEY : GEO-ELECTRIC METHOD 2D (EARTH RESISTIVITY IMAGING)
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• MULTICOLORED CLAY UNIT - 100-200 ΩM ( SURFACE UNIT WITH DIFFERENT SHADES OF GREEN )

• REDDISH SANDY UNIT + WHEATERED GRAVEL - > 200 ΩM ( FROM YELLOW TO PURPLE ) 

• GREY SANDY/CLAY UNIT - 75-100 ΩM ( GREEN-LIGHT BLUE COLOURS )

• CLAYEY SAND - 75-100 ΩM ( LIGHT BLUE WITH BLUE SPOTS )

• VOLCANIC ROCKS - 400 ΩM ( RED COLOUR LOWER LEVELS )

NEW PROSPECTING TECHNIQUES

VI) CALIBRATION OF GEO-ELECTRICAL DATA WITH STRATIGRAPHIC INFORMATION BY CORE DRILLING
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NEW PROSPECTING TECHNIQUES

VII) DIGITAL MAPPING PROJECT WITH LOCATION OF ELECTRO-STRATIGRAPHIC SECTIONS

RESULTING FROM GEO-ELECTRICAL PROSPECTING
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NEW PROSPECTING TECHNIQUES

VII) DIGITAL MAPPING PROJECT WITH LOCATION OF ELECTRO-STRATIGRAPHIC SECTIONS

RESULTING FROM GEO-ELECTRICAL PROSPECTING
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N

NEW PROSPECTING TECHNIQUES

VI) CORRELATION BETWEEN GEOPHYSICAL SURVEY AND CORE DRILLING IN THE SAME AREA
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NEW PROSPECTING TECHNIQUES

LIMITS OF GEO-ELECTRIC METHODS IN CLAY DEPOSITS EVALUATION (IVORY COAST EXPERIENCE)
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NEW PROSPECTING TECHNIQUES

LIMITS OF GEO-ELECTRIC METHODS IN CLAY DEPOSITS EVALUATION (IVORY COAST EXPERIENCE)

ERROR IN ESTIMATING OF KAOLIN QUANTITY

CAUSED BY ALTERNATING SANDS AND CLAYS

WITH DIFFERENT ELECTRICAL RESISTIVITIES

AND WITH WIDESPREAD PRESENCE OF WATER

FOR GEOPHYSICAL EXPLORATION MADE IN WET SEASON



NEW PROSPECTING TECHNIQUES

VII) TECTONIC STRUCTURES RECOGNIZED BY GEOPHYSICAL PROSPECTING ASSOCIATED WITH CORE DRILLING AND GEOLOGICAL SURVEY
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NEW PROSPECTING TECHNIQUES

VIII) PRELIMINARY 3D MODEL OF THE DEPOSIT ( DEPTH OF LOWER VOLCANIC ROCKS TOP LEVEL )
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NEW PROSPECTING TECHNIQUES

IXI) NEW GEOLOGICAL MAP AND UPDATED STRATIGRAPHIC SCHEME OF THE CLAY MINE
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PROSPECTING INTEGRATED WITH GPS
GEOPHYSICAL EXPLORATION

GEOREFERENCED GEOLOGICAL MAP

LABORATORY

CONTROLLED STORAGE

DIGITAL MODEL OF THE DEPOSIT

SELECTIVE MONITORED EXCAVATION

SUMMARY OF NEW METHODS OF PROSPECTING APPLIED IN THE STUDY OF LOZZOLO CLAY DEPOSIT
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3D DIGITAL MODEL OF THE DEPOSIT



CONCLUSIONS
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     -   IN RECENT YEARS CERAMIC INDUSTRY REQUIRE MORE AND MORE HIGH QUALITY CONTROLLED RAW MATERIALS

     -   WHITE FIRING CLAY MINERALS MUST BE CONSIDERED STRATEGIC RAW MATERIALS 

   ESPECIALLY FOR THE CERAMIC PRODUCTION  IN ITALY

     -   NEW PROSPECTING METHODS APPLIED IN LOZZOLO CLAY MINE HELPED TO BETTER UNDERSTANDING 

   THE COMPLEX STRATIGRAPHY OF THAT DEPOSIT AND TO IDENTIFY QUALITIES DEMANDED BY THE MARKET

     -   GEOPHYSICAL STUDIES ASSOCIATED WITH CORE DRILLING PROSPECTING RESULTED VERY HELPFUL 

   TO IDENTIFY THE PRESENCE OF TECTONIC STRUCTURES ASSOCIATED WITH THE MAJOR CONCENTRATIONS

   OF MORE VALUABLE KAOLINITIC CLAYS

     -    A MULTIMETHODOLOGICAL APPROACH IN INDUSTRIAL MINERAL MINING COULD BE VERY HELPFUL IF USED CORRECTLY

    TO EXPLORE AND FIND SIMILAR CLAY DEPOSITS ELSEWHERE

-
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