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Abstract

The Zarnegar House, located in Evaz County, Fars Province, is a Qajar-era building that exhibits a remarkable
variety in the application of mortars. Various types of mortars have been used in different parts of the struc-
ture, including mortars for stone masonry walls, wall plastering, floor finishing, arch construction, false
arches, filling wooden ceiling beams, and lattice window frames. This study aims to technically investigate
and identify the compositions of historical plasters and mortars using instrumental analysis methods (XRD,
XRF) and petrographic studies of polished sections under a polarizing microscope. Additionally, the research
seeks to answer the following question: What are the primary (binding materials) and secondary (fillers and
additives) components used in the historical mortar and plaster samples of the studied building, and what
similarities and differences exist in their compositions and constituent materials? Laboratory results indicate
that the studied mortars can be classified into three groups: the first group consists of high-purity gypsum
mortar used for wall plastering, flooring, arch construction, and lattice windows; the second group comprises
gypsum-soil mortar with silicate additives used for filling wooden beams and false arches; and the third group
includes lime-silicate mortar used for stone masonry walls. Furthermore, the results reveal that the primary
structure of the gypsum used consists of a combination of anhydrite, gypsum, and dolomite phases, which
are common across all gypsum and gypsum-soil samples. These findings align well with geological data and
indicate a specific calcination method at varying temperature ranges and the use of a specific source for

the production and application of gypsum mortar in this region.
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The southern region of Fars, due to its location within the
Gachsaran Formation, has a long history of using gypsum
mortar from pre-Islamic times to the present day. Examples
of its application can be observed in the historical buildings
of the Firuzabad-Kazerun region. The Zarnegar House, lo-
cated in Evaz County, Fars Province, is a Qajar-era structure
that, in continuation of the region’s historical tradition, ex-
hibits significant diversity in the application of mortars and

plasters. In this building, mortars have been used in various

structural components, including stone masonry wall mor-
tar, wall plaster, floor finishing mortar, filler mortar for
wooden beams, mortar for constructing arches and vaults,
and decorative architectural elements.This article aims to
identify and characterize the historical plasters and mortars
of the Zarnegar House using instrumental analysis methods.
The objective of this research is to determine the structural
compositions of historical samples for documentation and

to generate practical data for conservation and restoration
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interventions of a historical building’s details. Additionally,
the study seeks to answer the following question: What are
the primary (binding materials) and secondary (fillers and
additives) components used in the historical mortar and
plaster samples of the studied building, and what similarities
and differences exist in their structural compositions and
constituent materials across different parts of the structure?
The present research was conducted using a developmental-
experimental approach based on field and laboratory stud-
ies. Field studies were employed for initial data collection,
while library studies were utilized for the analysis and com-

parison of laboratory data.
Materials and Methods

The materials studied in this research are classified into two
categories: plasters and mortars. The mortar samples have
three functions: stone masonry wall mortar, floor leveling
mortar, mortar for constructing vault templates, mortar for
false arches under the ceiling, filler mortar for wooden ceil-
ing beams, and mortar for constructing gypsum lattice win-
dows. Additionally, the plaster samples include two wall
plaster samples from the first layer of the wall at two levels:
the ground floor and the first floor of the building. Further-
more, a floor mortar sample was collected from a building
known as Mulla Ahmad House in the region to serve as a
basis for comparison with the Zarnegar floor mortar. Dur-
ing the sampling stage, to ensure consistent laboratory con-
ditions, efforts were made to remove the surface layers of
each sample, as environmental weathering may have af-
fected their surface properties. The required samples were
collected from a depth of 1.5 to 2 centimeters within each
mortar (Figure 1). To study the composition of the materials
constituting the plasters and mortars, two chemical charac-
terization tests, XRD-XRF, along with microscopic imag-

ing, were employed.

Results

The results of crystalline phase identification of plaster and
mortar samples indicate a high prevalence of various cal-
cium sulfate phases in most samples. The primary phases of
anhydrite and gypsum (except in sample ZAR.M.1) are pre-
sent in all samples. The presence of similar calcium sulfate
phases with varying H>O content suggests the use of gyp-

sum-based compositions with different spectra, which are

similar in many samples and slightly different in others. This
variation may be due to the gypsum mine used, the calcina-
tion process, or the additives incorporated.

Elemental composition analysis shows that the primary ele-
ments constituting the structure of eight plaster and mortar
samples are sulfur trioxide (SO3) and calcium oxide (CaO).
The SOs content in these samples ranges from 33.24% to
52.3%, with an average of 40.19%, while the CaO content
ranges from 30% to 38.3%, with an average of 34.16%. The
average of 6.13% S102, as identified in the XRD analysis, is
attributed to impurities such as feldspars, quartz, and illite,
while the average of 3.27% magnesium oxide is related to
the dolomite mineral. Additionally, aluminum oxide ranging
from 0.33% to 2.75% and trivalent iron oxide ranging from
0.14% to 1.04% are associated with impurities in the gypsum
rock or the addition of soil materials to the gypsum mortar

composition.

ZARME

ZARMT

Figure 1. Introduction of the studied sample, including mortar and plaster

The analysis of elemental composition results indicates that
plaster and mortar samples can be divided into three cate-
gories based on the ratios of calcium oxide, sulfur oxide, and
metallic elements related to soil additives (silicon oxide, alu-
minum oxide, and iron oxide): 1) high-purity gypsum plas-
ters and mortars (6 samples), 2) gypsum plasters and mor-
tars with soil additives (2 samples), and 3) mortar with lime-
sand compositions (1 sample). As observed in the ternary
diagram (Figure 2), the first group consists of plasters and
mortars with a higher concentration of calcium sulfate and
lower concentrations of metallic elements. In the second

group, the calcium sulfate concentration slightly decreases,
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while the concentration of metallic oxides such as alumi-
num, iron, and silicon increases. In the third group, with one
sample, the calcium oxide concentration slightly decreases,
the sulfur concentration reaches its lowest level, and the to-
tal concentration of metallic elements is the highest com-

pared to the other groups.
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Figure 2. Normalized chemical compositions of plaster and mortar
samples in the ternary system
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Discussion

Based on the results obtained in this research, the coexist-
ence of various calcium sulfate phases may be attributed to
three factors: the geological characteristics of the region, the
calcination and processing methods, and phase changes due
to environmental weathering. Uncalcined grains, resulting
from the kiln firing atmosphere and the lack of reaction of
gypsum or anhydrite particles, were observed in many pet-
rographic sections. This is likely because the mortars used
in this building were, firstly, produced and applied in large
volumes (wall plaster, flooring, and leveling mortar, etc.),
and secondly, typically used for rough construction work,
which does not justify sieving or using high-quality gypsum.
However, in the decorative sample ZAR.MSH, these grains
are absent. The mortar used for the gypsum lattice window,
constructed through molding, contains gypsum as the pri-
mary phase with a significantly reduced anhydrite content.
Moreover, its microscopic sections exhibit a highly homo-
geneous and uniform texture, with no evidence of coarse,
uncalcined grains. This could be due to sieving the gypsum
powder or the craftsman’s expertise in selecting suitable raw
materials for creating a finer gypsum lattice. Additionally,

the low detection of anhydrite in this sample may be be-

cause, during the preparation of the gypsum slurry for mold-
ing, coarser and heavier anhydrite particles settled at the bot-
tom of the container, and the upper portion was used for
the slurry.

Based on this, it can be hypothesized that the anhydrite pre-
sent in the Zarnegar samples is likely of the insoluble type
(Anhydrite 1I), as this phase is present in all samples col-
lected from different parts of the building under varying
temperature and humidity conditions. If the anhydrite were
of the soluble type, over time, in the warm and dry climate
of the region, all gypsum phases would likely have trans-
formed into soluble anhydrite or bassanite, and these two
phases would not coexist. Therefore, the coexistence of gyp-
sum and anhydrite in most Zarnegar samples likely indicates

varying calcination spectra of the gypsum rock.

Conclusion

The study of nine plaster and mortar samples from the
Zarnegar and Mulla Ahmad Houses reveals a fascinating di-
versity in the application of gypsum mortar for various put-
poses in a historical building. Laboratory results indicate
that some samples have high-purity calcium sulfate, while
others contain varying amounts of silica/aluminosilicate ad-
ditives used in gypsum-soil mortars. Despite minor differ-
ences, the similar crystalline structure and the coexistence of
primary phases of gypsum, anhydrite, and dolomite in most
samples establish a strong connection with the region’s ge-
ological data. Additionally, the phase similarities across all
samples suggest a nearly identical source and calcination
conditions for the gypsum rock in the studied samples. The
floor mortar samples from the two different buildings show
highly similar structures in terms of elemental compositions,
identical phases, and soil additives from calcination. Fur-
thermore, the prominence of the gypsum phase and the lim-
ited presence of anhydrite in the molded lattice window
sample indicate the craftsman’s expertise in material selec-
tion and proper processing. Ultimately, this research ana-
lyzes the dominant anhydrite in the Evaz samples as the in-
soluble type (Anhydrite II), likely calcined at a temperature
range of 90 to 400 degrees Celsius. If soluble anhydrite were
present in the historical sample, all gypsum phases would
likely have transformed into anhydrite by now. The region’s

high relative humidity and low concentration of sodium
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chloride ions, which accelerate phase changes, make this hy-
pothesis unlikely. However, confirming this phenomenon
requires further investigation into the gypsum crystals’ mi-
crostructure and field and laboratory studies of the region’s

gypsum mines.
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Figure 2. Visual introduction of the Zarnegar house
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Table 1. Introduction of the studied samples

Aiges Lol Joro Wgas 38 N

Sample Location Application Building
ZARM.1 Stone wall- yow g Mortar- bMe Zarnegar- 5,5 45
ZARMT.1 Wooden ceiling beam filler- caiu g 55 5058y Mortar- bMe Zarnegar- )i5,; 45
ZARMK Half-arch ceiling mortar- caiuw o8 a bl Mortar- bMe Zarnegar- 5,; 4l
ZAR.A1 Ground floor wall plaster- ciSen &b (g)ler> 393 Plaster- (1) >gul Zarnegar- 5,; sl
ZAR.A2 First floor wall plaster- Jol &ab (¢ )lgsd 591 Plaster- (¥) sl Zarnegar- 5,; 4l
ZARK.1 Floor- s Mortar- bMe Zarnegar- 5,; 4l
ZARTV Arch- o5y 054 Mortar- bMe Zarnegat- 5,5 415
ZARMSH Gypsum window mesh- o (25 0 Mortar- bMe Zarnegar- 5,; 4l
MLAK.1 Floor- s Mortar- bMe Mola-Ahmad- el Mo 415
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Figure 3. Location sample on the floor plan of Zarnegar house
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Figure 4. Image of the location of some sample studied in the Zarnagar house
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Peak intensity is determined based on the highest peak from 1 to 3 as the

main phases and 4 to 6 as the sub phases
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Figure 6. X-ray diffraction diagram and identification of characteristic

peaks in samples

(XRF) (s druil (uil yold i bo3l gl .¥-£
BB S polie (p Yl 45 dmd o0 LS (s paie CLS 5 oy
oS ST 5 3,565 ST g5 4 LMo ¢ gl I diges A 5L
BYY/YY wt% 85L 50 bdiges opl 3 SO Hlade (¥ Jada) 3 olazsl
b Yewt% ojl , CaO jluie 5 F+NNAWE % ke b OV/¥WE%
D1 LB YN wi%o ke b YAFW%
wasuie 35 XRD islejl 1 a8 jeb lan SIO2 £NY WtV ke
Sk ol bl 5 5155 ool 53 (9150 oSl &y bgyyo i
ol pogMe il o Cunglgd SIS A by yo 315 s juie ST Y/ YV W%
Wt% B /N wt% g posseg)] ST O/VO W% b +/YY wt%o,lude
by g8 Siw 09390 slo pallBb a4y bgspe (b )b aw oyl 0us1V/-F
39 Pl S (65 ioned Ll g8 LMo oS 5 4y (S lge (53938
oS 13 el (ZARMK, ZARA.2, ZARM.1) (glasges aw 5 s

sl ol Sl o 3,05 S b Lapo (6508 (glbipuaS| o by ogiiuus

MLAK lhdises sle ol 55 sl Syl 4 bgsye (oSl s
5 i oyl Lol glaile L g a4 ZARAL 3 ZARK
P Sl pl byl [ Ka6 b (o0l Hhaw gyl caalud (usglgd
dosi gl 5l (S plgie 4 el pasls Sy 0e2g MEAKT wges
Wgad 93 ;0 5Byl andl e o 000 Wil des pendS Slalgw Hlub
1505 Gy 13,5 Labolid 55 o5 b 03 L ZARMT 4 ZAT.K1
oy ZARTV, ZARMT ZARMK [ZARA2 (cladises
)13 3929 35 35)leS (58 SJB el 9 S 9 Syl ol slajlé
5 ol s gl @us ZARMK 3 ZARA2 (caiges 93 55 &S
Jlosn] 4 a8 355 o0 030 55 bl 2,8 518 55,168 518 4y 05Me digad 93 (]
ladiges 503 )3 a8 Canl b ) S 5 4y (SB Slge 59381 &y bgs o 25
WA W v

Lges g gl ol e copail b & (liges (s BN
2 oyl g sl oS bgrye 3b 5l s L e 56 ZAR.MSH
Dydiee gt (85 Glajld sjx diged

wglite HoO jlde b puudS” Sldlguw il slajl 3959 500 )
loaigas 5| (gilos o 53 45 31 (s slacibo b (25 ©luS 5 5 ol
OSoe yal ol Canl Dglite (05 oy SUBI L K> (S 0 g ailde
o agitl g gl oy bond L g odlitiul 3,00 @5 (ame > &
A5l edlatwly g0

505 5 Sglize oS 5 ZARDMLT &gl oddanlllas Lgei & o |
omlS” ol a5 s bMo ol j3 0dd o lwlid Lol (slajle 0,15 ladiges
sl Guf 5 SS9 Caogdyy Jold (o8 slasle 5 bl g F)lsS
[0y SB g )lio Ylazsl & 5l tdS ()15 Lo LYo ol el
ol ods 039381 4l 4y lvawle

XRD jtlejl o8 dags cslooshs gl ¥ Joa

Table 2. Semi-quantitative data results (XRD) mineralogical testing
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ZAR.A1 3 1 _ 2 4 _ _
ZARKX1 3 1 _ 2 _ _ _ -
MLA.K.1 1 2 3 4 _ _ _ _
ZAR.TV 2 1 _ _ 3 _ 4 -
ZAR.MT.1 2 1 _ 3 _ _ 4 -
ZAR.MSH 1 4 _ _ 2 _ 3 -
ZAR.MK 2 1 _ 3 5 _ 6 4
ZAR.A2 2 1 _ 3 5 _ 4 6
ZARM.1 _ _ _ 4 1 3
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Table 3. Semi-quantitative data results in X-ray fluorescence (XRF) elemental testing (wt%o)

Sample Na,O SO; Fe O3 MgO Cl StO  ALOs; KO LOI SiO; CaO TiO,
ZAR.A1 _ 50/73 0/23 1/24 _ 0/14  2/07 0/17 6/1 1/92 37/2 _
ZARK.1 0/39 52/3 0/26 1/24 0/13  0/59 0/16 7/4 1/86 38/3 _
MLA.K.1 0/19 49/02 0/14 0/98 0/15  0/11  0/33 0/11 10/3 1/16 35/64 _
ZARTV _ 50/83 0/6 16 0/27 1/14 0/29 4/69 4 37/77 _
ZARMT A 0/38 45/5 0/44 3/42 0/26  0/2 0/84  0/28 9/74 2/71 36/57 _
ZARMSH _ 41/82 0/49 1/63 0/26  1/14  0/24 18/3 3/88 31/51 _
Average 0/16 48/37 0/36 1/69 0/07  0/19  1/02 0/21 9/42 2/59 36/17 _
ZARMK 1/34 35/75 0/93 4/25 0/85  0/11  2/51 0/48  15/27 8/37 30/91 0/13
ZAR.A2 0/24 33/24 1/04 4/91 0/19  2/75 0/52 19/1 9/39 30/07 0/15
Average 0/79 34/50 0/99 4/58 0/43  0/15  2/63 0/50  17/19 8/88 30/49 0/14
ZARM.1 0/29 2/53 2/63 10/19 _ 5/71 1/27  25/37 21/91  29/49 0/36
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Figure 7. Elongated and coarse-grained gypsum crystals in the carbonate matrix of samples
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Figure 8. Dense carbonate matrix with additive charcoal and incompletely calcined carbonates
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Figure 9. Calcium sulfate carbonate matrix with ash charcoal additive in sample ZAR.MT
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Figure 10. Clay-carbonate matrix with scattered clay material aggregates, along with fine and coarse quartz and calcite
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Figure 11. Abundance and aggregation of fine and coarse calcite particles and their composition in the clay matrix in
sample ZAR.M.1
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Figure 12. Uncalcined coarse-grained and rounded patticles with dimensions of 1/5 to 2 millimeters.
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Figure 13. Presence of animal fibers/hair in different parts of the mortar sample of ZAR TV
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Figure 14. Normalized chemical compositions of plaster and mortar

samples in the ternary system
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