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Spatial and Quantitative Analyses of Sasanian Ceramics                                                               
from the Architectural Spaces of Bazeh-Hur Chahartaq

Abstract

 This study presents a model for the spatial structure of ceramic vessels across the architectural complex of Bazeh-
Hur site (6th to 8th centuries AD), using Inverse Distance Weighting interpolation for modelling and Mean Relative 
Error and Root Mean Square Error for validation and cross-validation of the output modelled surface. The Regression 
analysis was also used to examine the vessel prediction per square meter and measure the correlation intensity 
between the values and distance. These geostatistical and quantitative methods not only enable us to characterize 
the arrangement of the architectural spaces where activities take place, but also to delimit several structures that are 
corroborated by the excavated areas. As a conclusion, we propose a high probability for the main entrance of the 
building in southern taq, which is also attested by a chief portico and a broad gypsum floor near to an ancient trade 
road.  
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The building of Bazeh-Hur in north-eastern 
Iran has a characteristic plan, typically known 
as chahartaq (see Huff and O'Kane 1990). It was 
designed with a specific plan, however, the poor 
preservation of the main building and its surrounding 
associated structures makes it difficult to associate 
it with a specific function. Many scholars stated that 
it may have been used as a defensive installation or 
as a fire temple (Reuther 1938: 552; Godard 1938: 
53ff; Herzfeld 1942: 33; Wilber 1946: 27-28). In 
the present research, predictive modelling along 

with archaeological excavations are implemented to 
assess the potential function of the main building.

 
Predictive modelling can be used to recognize 

some aspects of the past human activities and 
behaviour that occurred in specific spaces, then 
spatial models applied at intra-site scale enable us 
to determine activity areas (Achino and Barceló 
2018: 1). In order to proceed, spatial modelling by 
interpolation techniques in Geographic Information 
Systems (GIS) provides a powerful tool to predict 
values (Huang et al. 2011: 428; Gong et al. 2014: 59; 
Maximiano et al. 2018: 679). In this study, Inverse 
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Figure. 1: Location of the Bazeh-Hur chahartaq and the landscape of 
Bazeh-Hur valley (Drawn by M. Labaf-Khaniki).

Distance Weighting (IDW) interpolation method has 
been chosen for map prediction as the correlation 
coefficient between measured and estimated values 
is greater with IDW than other interpolations (Gong 
et al. 2014: 59). Additionally, IDW trend is very 
useful to reveal activities in small scale areas such 
as single rooms of buildings and inner versus outer 
space (Pecci et al. 2013: 887; Rondelli et al. 2014: 
487). This way, interpolation of known values from 
the site’s surface was initially used to determine the 
limits of structures; then, the predicted model of 
superficial pottery enabled us to excavate the most 
probable locations for structures where pots were 
buried deep below the main construction. Due to 
the limited extension of excavation and the presence 
of a high quantity of pottery in lower layers, it is 
not possible to measure the whole extent of the site 
during the Sasanian period. 

Nonetheless, predictive modelling provides 
a useful method to characterize the probability 
of pottery distribution in the site. Furthermore, 
the quality assessment of the predicted model is 
calculated by omitting a subset of data from model 
generation and keeping it for further testing. Then, 
Mean Relative Error (MRE) and Root Mean Square 
Error (RMSE) statistics were calculated during 
cross-validation to estimate the accuracy of the 
interpolation (Gong et al. 2014: 67; Xu et al. 2015: 
170; Ogundimu et al. 2016: 6), and the obtained 
weighted values are used to measure the accuracy of 
the interpolation of different vessel forms at specific 
places.

The ancient site of Bazeh-Hur is located about 
75km south-west of the modern city of Mashad, in 
north-eastern Iran, 3 km south-west of the modern 
village of Ribat-e Sefid. The defence system of 
Qale-Dokhtar fortress, with similar chronology, as 
well as an ancient trade route in the south part of the 
site, showed the significant importance of the site in 
the Sasanian period (224-651 AD) and established a 
specific landscape in this area (Figure. 1). 

Previous studies conducted by Ernst Herzfeld 
(1942), Oscar Reuther (1938), Donald Newton 
Wilber (1946), and André Godard (1938) provide 
some contextual information about the visible 
parts of the structure, including plans where doubts 

on some structures were represented as hatched 
blocks (Figure. 2). In order to recognise the form 
and function of the complex, the archaeological 
investigations carried out in 2014 revealed some 
architectural remains related to the adjoining 
rooms surrounding the central massive chahartaq 
(Figure. 3). Twenty-two trenches were opened in 
Bazeh-Hur: six in the south of the site (1x1 m), 
and sixteen in the area of the chahartaq, where five 
of them, both inside and outside of the chahartaq, 
exposed some architectural features of the building 
such as walls, floors, doorways, columns, and 
rooms (Labbaf-Khaniki 2017: 259). Three lateral, 
surrounding spaces to the central chahartaq were 
discovered along with two narrow corridors in the 
northern and southern sides, as well as a columned 
hall to the east. The dig also revealed that the 
western and eastern taqs of the main building was 
once blocked by a north-south oriented wall. The 
excavated structures represent equivalent annexes 
on the southern and northern sides (Labbaf-Khaniki 
2017: 261). Moreover, excavation and systematic 
survey on the site provided a collection of 1800 
pottery sherds from both, Late Sasanian and Early 
Islamic periods. The cream-coloured wares were 
considerably frequent in the ceramic assemblage 
due to the high frequency of the Ca phase of the 
raw material mixture (Hai-tao et al. 2015: 258; 
Daghmehchi et al. 2018:148). 
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Figure. 2: Three plans of the Bazeh-Hur chahartaq provided by Herzfeld (1942), Wilber (1946), and Godard (1938) show some 
ambiguous structures surrounding the central building.

Figure. 3: A general view of the Bazeh-Hur chahartaq from the 
north-east and remains of the adjoining rooms. 
(Photographed by Meysam Labbaf-Khaniki).

Predictive Modelling

Inverse Distance Weighting

The IDW interpolation models a continuous 
distribution of cultural and geographical data (Bevan 
and Conolly 2009: 958). Inverse Distance Weighting 
(IDW) is a technique to estimate unknown values 
by interpolating the measured ones as a weighted 
function of both, a known sample in a certain place 
and the distance between that known sample and 
other unknown places (Luo and Wei 2009: 180; 
Huang et al. 2011: 428; Gong et al. 2014: 60; 
Ivajnsic et al. 2014: 341); hence, measured points 
with a high amount of ancient remains have greater 
weights. 
To provide an input for the IDW model, ceramic 
remains were sampled at 110 control points around 

Where Z is the interpolated value which is influenced 
by the known values (Zi) at control point i, Wi the 
weighting function that determines the relative 
importance of the observed value in each data 
point and n is the total number of observed control 

the main building, in a series of 5x5 m squares 
distributed over 1200 sq. m throughout the site; 
this model will serve to examine the distribution 
of different vessel forms on the output modelled 
surface. As the vessel brokenness can highly 
influence the weighting function for the collected 
values, pots from each grid were initially estimated 
by a minimum number of individuals (MNI) to 
minimize the brokenness factor throughout the site 
and to increase the accuracy of interpolation (Starck 
2008: 4; Voss and Allen 2010: 3). This approach 
also enables us to estimate the proportion of 
complete types around the main building in the same 
chronological contexts. This way, once ceramic 
assemblages were quantified with IDW to determine 
the spatial variation of pottery distribution, the 
results were then confirmed by excavating the area 
in the vicinity of spatial concentrations of remains 
to verify the activity area.

The interpolation-estimated values are influenced 
by the observed values at the measured points 
and can be represented by the following equation 
(Huang et al. 2011: 428):   



Iranian Journal of Archaeology Studies14

points in the interpolation, and Dpi is the distance 
from the observed control point i to the interpolated 
point, where p is the weighting exponent (Huang 
et al. 2011:428). The known values (Zi) provide a 
statistical description of various types of ceramics 
and small finds in the measured point i, quantifying 
the local variation. Although the estimated model 
with IDW shows that the more distant is a known 
point to the unknown points, the less influence it has 
on the prediction (Chen et al. 2017: 19), that influence 
can be managed by weighting the measurements 
at known points with a power (Conolly and Lake 
2006: 96; Chen et al. 2017: 19). The high power 
value (p = 2) which is used as a default value, may 
generate the predicted location at the immediate 
surrounding points (Esri, 1995-2014). Finally, the 
modelled values represented in the predicted maps 
can be expressed as the proportion of specific types 
and small finds. 

The interpolation-estimated values surrounding 
the observed control points show different 
distribution patterns of vessel forms near the 
building (Figure. 4). Interpolation-estimated values 
are closely correlated with the measured values 
(Gong et al. 2014: 61), and the optimal power value 
generated certain points of the predicted pots and 
bowls at the immediate surrounding points. 

The spatial structure of different types of 
vessels need to be validated by field data. As the 
interpolation of the vessel forms may change due to 
the functional difference of architectural spaces, a 
systematic survey was carried out and various types 
of jars were well documented in the south part of the 
central building, however that vessel type was highly 
absent in eastern and western part of the central 
building. The concentration of specific ceramic 
types associated with the determinate location was 
highly demonstrated by architectural structures 
and the main doorway in the vicinity of spatial 
concentrations. The archaeological excavation 
indicates a spatial structure distribution around 
the main building. Some architectural features 
including long and narrow rooms had been found in 
both the southern and northern sides of chahartaq, 
contemporaneous to the main building. However, 
the excavation also revealed a hypostyle room with 
two rows of columns on the eastern side of the 
chahartaq (Figure. 5). The occurrence of different 

forms of architectural spaces and doorways in the 
vicinity of the main building indicates the activity 
area with determinate ceramic types. The excavation 
in the western side represented a wall blocking the 
western portico of the chahartaq which is similar 
to the eastern taq wall. The lack of architectural 
structures in the tranches from the western side 
of chahartaq also confirms the low probability of 
the spatial distribution of ceramics in this area. 
Additionally, the ceramic types were largely absent 
in the hypostyle room in the eastern part of the main 
building, revealed by both trend-surface analysis 
and the excavated areas. However, the trend-surface 
analysis shows a high concentration of various 
types of jars near the southern taq, and suggests 
a high probability of the presence of architectural 
structures in the south part of the main building. 
The excavation conducted in the southern part of 
the chahartaq supported that inference, and these 
structures could be related to the main building. 
The trenches uncovered a lateral corridor 1.60 m in 
width, parallel to the southern wall of the chahartaq 
(Plan.1), but the southern wall of the corridor was 
cut by a doorway and overlooked directly the ancient 
trade route passing beside the site and the fortress 
(Qaleh-Dokhtar), situated on the summit of the 
southern mound. The doorway was more likely to be 
the main entrance to the central building and can be 
considered as the chief portico (ivan). The trenches 
near to that ivan also revealed various types of jars 
with no uniformity in size; these specific types were 
found in high fragmentation with the leaching of 
gypsum due to use and consequently showing the 
same depositional history (Orton et al. 2007: 215; 
[Figure. 6]). The occurrence of gypsum in building 
materials and on the outer surface of different 
types of the jars which were found in the structural 
spaces, may distinguish the activity area from waste. 
According to Orton et al. (2007:28) ‘variation in the 
proportion of different types, may indicate areas 
of different functions or status’. The excavated 
ceramics from the intra-space of the building and 
on the gypsum floor of the southern ivan revealed 
the same depositional history contemporaneous 
to the last activity that occurred in the space. The 
extensive excavation revealed no architectural 
space at further parts of the central building. The 
lateral corridors and the hypostyle room linked 
to the eastern part of the central building make it 
possible a unique entity in the Sasanian period. The 
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Figure. 4: Predictive map of the spatial distribution of vessels estimated by IDW interpolation. (Produced by Maria Daghmehchi).
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Figure. 5: The final plan of Bazeh-Hur chahartaq, showing the 
hypostyle room with two rows of columns and some unexcavated 

columns in dotted line. (Drawn by Meysam Labbaf-Khaniki).

excavated ceramics also indicated a spatial variation 
surrounding the main building. However, the lack 
of in situ features and very low quantity of ceramic 
sherds inside the building do not necessarily imply 
domestic spaces, and the concentration of various 
jars in the chief portico and the lateral corridor in 
the north may imply a possible public function of 
the building near the trade road. Nonetheless, the 
ceramic concentration in the measured location 
at farther apart did not support any evidence 
of a possible spatial structure. Thus, a random 
distribution may generate certain points of spatial 
concentration of the evidence with greater weights 
around the building. The excavation conducted at 
the measured and predicted locations revealed that 
the concentration of evidence does not condition a 
determinate type of activity space. The trade road 
which was considered as the main transmission 
network in eastern Iran (Afzal-al Molk 1903: 128ff) 
and the fortress (Qale-Dokhtar) in the southern part 
of the building had more influence on the ceramic 
expansion in the southern taq. The petrographic and 
typological studies of the ceramics from the fortress 
and Baze-Hur building indicated a great association 
between the sites (Daghmehchi 2018: 19).

Estimation of the prediction accuracy 

The accuracy of models was obtained using cross-
validation and validation. In order to validate the 
output modelled surface, predicted values need to 
be compared against the measured values that were 
not involved in interpolation (Esri 2014); this way, 
the dataset is divided into two parts with ‘subset 
features tool’, one for training and other for testing. 
Initially, 20 sampling points were separated for 
testing and the training subset was interpolated at 
the rest of the locations. We eventually summarized 
the values of the test dataset using the remaining 
subset through zonal statistics to compare the 
predicted values to the actual values at the omitted 
points. The statistic type is defined by maximum, 
mean and standard deviation. 

The cross-validation also compares the 
measured and predicted values at the omitted data 
location. For IDW only the mean relative error 
(MRE) and root mean square error (RMSE) of the 
interpolated values estimate the accuracy of the 
interpolation-estimated values in the surface by 
determining an optimal power value and calculated 
with the following equations (Gong et al. 2014: 61; 
Ogundimu et al. 2016: 6): 

where Zm(Xi)  and yi are the measured values and 
Zi(Xi ) and yi ̂ are the predicted values, and n is the 
total number of predicted steps (Gong et al. 2014: 
61; Zheng et al. 2016: 98). 

The weighting values show a significant 
variation of vessel forms concentrations through 
the surface. Statistic comparison of the mean and 
standard deviation of ceramics show the highest 
concentration of jar and the lowest concentration of 
coarse fabric pots (Table 1). The spatial structure 
of cooking pots shows the very small root mean 
square error only due to the very small values of 
this vessel form. The scatter plot shows an over 
prediction of the small values (Esri 2014; Figure. 
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The spatial structure of jars obtained the highest 
RMSE and MRE due to different anomalies. 
Therefore, the spatial concentration of a specific 
type of jar does not condition the space but is a 
part of extensive relations that occur in space. This 
result was accomplished by comparison with the 
archaeological excavations: trenches 10, 13 and 17 
in the southwestern part of the building revealed 
the concentration of glazed bowls at the latest 
occupational deposit (Early Islamic). However, the 
Sasanian jars were highly distributed in the chief 
southern portico and the lateral corridor in the 
north, all found at the same depositional history. 
The occurrence of the jars from the north part of the 
building was only verified by two small doorways. 
The specific spatial structure of jars in the southern 
chief portico can be related to the geographical 
location of the chahartaq near the ancient trade 
road and a caravanserai along the road. 

7). A small mean relative error and the small root 
mean square error of bowls indicate a more valid 
prediction model and a better surface possible. The 
scatterplot of the bowl falls relatively close to the 
1:1 line. However, the high root mean square error 
of jars indicated a comparatively low quality of the 
output surface. The slope of jars that are scattered 
around the 1:1 line is more than 5. 

Figure. 6: Various types of jars from the southern taq. (Drawings and Photographs by Maria Daghmehchi).

The best regression line

Quantitative approaches such as regression 
analyses estimate the known values (measured 
ceramics) as the response variable, while IDW 
estimates explanatory variables included predicted 
vessels (Gong et al. 2014: 61). Regression 
analyses provide an effective means to examine 
the correlation between the predicted size and 
the measured size and increase significantly the 
accuracy of the interpolation. This method enables 
us to clarify how well the ceramic distribution 
is predicted and is an effective method for the 
prediction of the distribution of unknown sample 
size by the measured sample size per square meter.    

The best regression line is a line that has the least-
squares of residuals (Niknami 2008: 227). The least-
square criterion method contributes to predicting 
unknown vessel count by the measured vessel within 
the identified radius. For finding the best regression 
line, we need to estimate the parameter of intercept 
(a) and slope (b) as the following quantification 
(Niknami 2008: 227; Spiegel et al. 2009: 105):
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Figure. 7: Scatterplots showing the predicted values versus the actual values. (Produced by Maria Daghmehchi).

MRERMSESTDMeanMaxVessel From

1.83311.95011.01111.07553Jar
1.0233.6619.5485.39277Bowl
0.9040.2600.2900.0632Pot
3.43214.94617.47616.531101Total

Table 1: The statistical description of the vessel forms

Where xi is the analyzed area (in square meters) 
and yiis the observed number of vessels estimated 
by MNI and n is the total control points, and then 
determine the line (y =a+bx).

The mathematical quantification shows that 
3.15 + 0.1376 vessels might be found per sq. meter. 
Therefore, the predicted number of sherds within 
the analysed area (in sq. m) is 1697.694 sherds, 

as Y=3.15+(0.1376)(12315)=1697.694, while the 
observed number of sherds is 2150; then, there is 
a deviation of 452 sherds between the observed 
and predicted sherds as a residual that remains 
unpredicted through the regression line.  

Coefficient of determination or r2  contributes 
to measuring the correlation intensity of the linear 
relationship between predicted and observed values 
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Therefore, r2   can be calculated by the following 
equation (Xu et al. 2015: 169): 

r2 equation shows that 98% of observed changes 
in vessel count by the excavation and surface volume 
are being represented by the linear relationship. 
The  r2 equation indicates a high accuracy of  y ̂  at 
different distances. 

Conclusion

The combination of predictive modelling and 
quantitative measurement contributes to accurately 
predicting the spatial structure of the ceramic sherds 
on the site’s surface, which were related to the main 
building of Bazeh-Hur. The interpolation-estimated 
values indicated a continuous distribution of pottery 
with different patterns, and the validation result 
implies extensive relations between the spatial 
distributions and the building.

The existence of the blocked taqs highlighted 
no spatial distribution of pottery in the eastern 
and western parts of the main building. However, 
the high concentration of various jars in the chief 
southern portico and the lateral corridor in the north 
can be related to its association with the road.
The high amount of jars identifies some aspects of 
the function of the construction: the form of the 
jar was commonly used as a vessel for transferring 
goods or liquids by users who have decided not to 
dwell for a long time at a particular place. As this 
activity can occur in spaces that serve as public 
buildings but not as permanent residences for a 

particular group of people, the chahartaq of Bazeh-
Hur is proposed to be a public building from the 
Sassanid period in close relation to the fortress and 
the ancient trade route.     
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