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REPORT OF PETROGRAPHIC EXAMINATION 

Date: November 19, 2014 

CTLGroup Project No.: 156590 

Petrographic Examination of Sample from Site near Ancient Ruins of Qumran, Israel 

A mortar-like sample, designated Sample 1 (CTLGroup ID 3826801, Fig. 1), was received on 

October 23, 2014 from Mr. Jim Barfield, The Copper Scroll Project, Apache, Oklahoma. The 

sample was reportedly taken from a potential cave opening site at a mound near the ancient 

ruins of Qumran, Israel. Petrographic examination was requested to document the general 

composition and to evaluate the possible origin (man-made versus naturally occurring) of the 

material represented by the sample.  

Sample Description: The sample is approximately 5.0 in. long, 0.7 to 1.8 in. wide, and up to  

0.8 in. thick. At one side, the sample is somewhat rough and worn with sand particles partially 

exposed in a buff-gray matrix. The other side of the sample is mostly irregular, rough, and 

fractured.    

RESULTS 

Figure 2 shows a cut and lapped surface of the sample, illustrating the general appearance and 

constituents of the sample. The sample consists of sand in a buff-gray calcareous binding 

matrix. The sand consists mainly of sub-rounded to sub-angular particles of limestone, dolomitic 

limestone, and argillaceous limestone with lesser amounts of chert and glassy materials (likely 

volcanic glass). The sand particles are mostly less than 0.1 in. in size. Coarser rock fragments 

up to 0.35 in. are locally present in the sample.     

Based on the results of petrographic examination, the sample is more consistent with a man-

made material rather than a naturally occurring rock based on the following observations:  

• A large portion of the binding matrix in the sample is occupied by needle-shaped 

aragonite (one of the crystal forms of calcium carbonate, Fig. 3). These aragonite 

needles mostly occur as void-filling deposits or secondary replacement (recrystallization) 

of the matrix. Among these secondary aragonite deposits, the matrix exhibits patches of 
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fine-textured areas (Figure 4), which are judged to be the remnants of the original 

cementing matrix. Microscopical examination reveals frequent residual or relict particles 

in these fine-textured matrix areas (Figures 4, 5, 6, and 7), a feature typically not 

expected in naturally occurring rocks.    

• Some residual particles observed in the fine-textured matrix exhibit features consistent 

with calcined limestone or lime. Figures 4 and 6 illustrate typical microscopical texture 

and properties of these suspected lime particles. Scanning Electron Microscopy (SEM) 

and Energy Dispersive X-Ray Spectroscopy (EDX) analysis were performed to obtain 

elemental composition of the residual particles. The SEM-EDX analysis (Figure 5) 

indicates that the residual particles consist of microscopic crystals of calcium carbonate 

(carbonated form of lime). The presence of calcined limestone (lime) particles is an 

indication of firing activity (the limestone was heat-altered).  

• Some ghost or relict particles observed in the fine-textured matrix exhibit diffuse and 

cloudy rims while the interior portion of the particles maintains the original limestone 

texture (Figure 7). These relict particles may represent partially calcined limestone. The 

presence of such diffuse rims is an indication of cementitious or hydraulic properties.    

• Apart from the secondary deposits and partial replacement (recrystallization) of matrix as 

mentioned above, the sample does not exhibit any apparent depositional or diagenetic 

textures (textures commonly associated with naturally occurring sedimentary or 

carbonate rocks). While the absence of such texture itself is not proof of a man-made 

origin of the sample, the finding is consistent with other observations described above.    

ADDITIONAL COMMENTS 

The findings of petrographic examination indicate that the sample is consistent with a man-

made material, especially with a mortar containing calcined limestone or lime. However, the 

interpretation is somewhat limited due to the small sample size and the evidence of abundant 

secondary deposits and recrystallization of the cementing matrix. Thus, additional field and 

laboratory investigation is recommended to confirm the findings of this study. Especially, 

comparative analysis with other naturally occurring materials near the project site, such as rock 

samples representing local geology, can provide further information on the exact nature and 

origin of the material represented by the submitted sample.    
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METHODS OF TEST 

Petrographic examination of the sample was performed in accordance with ASTM C856-14, 

"Standard Practice for Petrographic Examination of Hardened Concrete." The sample was 

visually inspected and photographed as received. The sample was cut longitudinally and one of 

the resulting surfaces was ground (lapped) to produce a smooth, flat, semi-polished surface. 

Lapped and freshly broken surfaces of the sample were examined using a stereomicroscope at 

magnifications up to 45X. For thin-section study, a small rectangular block was cut from the 

sample, and one side of the block was lapped to produce a smooth, flat surface. The block was 

cleaned and dried, and the prepared surface was mounted on a ground glass microscope slide 

with epoxy resin. After the epoxy hardened, the thickness of the mounted block was reduced to 

approximately 20 µm (0.0008 in.). The resulting thin section was examined using a polarized-

light (petrographic) microscope at magnifications up to 400X to study aggregate and paste 

mineralogy and microstructure.    

SEM-EDX analysis was performed in backscattered electron imaging mode using a HITACHI  

S-2600N scanning electron microscope equipped with QuartzXOne energy dispersive X-ray 

spectroscope (EDX). The photomicrographs include the following information, as read from left 

to right: SEM mode, date, working distance, beam energy in keV, magnification factor, and 

scale bar.   

 
 
 
 
Sang Y. Lee, Ph.D., PE (Texas), PG (Indiana) 
Senior Petrographer 
Petrography Group 
 
SLee@CTLGroup.com 
Office: 847-972-3130 
 
SYL 
 
Notes: 1. Results refer specifically to the sample submitted. 
 2. This report may not be reproduced except in its entirety. 
 3. The sample will be retained for 30 days, after which it will be discarded unless we hear 

otherwise from you. 

mailto:adaugherty@CTLgroup.com
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1a. Somewhat rough and worn surface of the sample.    
 

 
 

1b. Fractured side of the sample.    
 

Fig. 1 Sample 1 as-received for petrographic examination. Scale is in 
inches.    
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2a. Full length view. Scale is in inches.    
 

 
 

2b. Closer view showing limestone sand in a buff-gray binding matrix. 
Scale increments are in millimeters.    

 
Fig. 2 Cut and lapped surface of Sample 1. Scale is in inches. 
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Fig. 3 Thin-section photomicrograph showing needle-shaped aragonite 
crystals in the matrix. These aragonite needles are judged to be 
void-filling deposits or secondary replacement (recrystallization) of 
the original matrix. Cross-polarized light. Field of view is 0.02 in. 
across.    

 
Fig. 4 Thin-section photomicrograph showing the fine-textured matrix 

(likely original cementing matrix) containing relic particles (arrows).  
SEM-EDX analysis of the relict particle at the area designated by the 
red box is shown in Fig. 5. Cross-polarized light. Field of view is 
0.02 in. across.    

Limestone sand 

Limestone sand 

Limestone sand 

Limestone sand 

Limestone  
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5a. SEM backscattered image. 
 

 
 

5b. EDX analysis. The location for the analysis is marked in Figure 5a. 
 

Fig. 5 SEM-EDX analysis of the relict particle shown in Figure 4 (inside the 
red box). The results of SEM-EDX are consistent with the 
carbonated form of lime (calcium carbonate).    
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6a. Plane-polarized light.  
 

 
 

6b. The same field but in cross-polarized light.    
 

Fig. 6 Thin-section photomicrographs showing a residual particle 
exhibiting optical properties consistent with lime (arrows). Field of 
view is 0.02 in. across.    
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7a. Plane-polarized light.  
 

 
 

7b. The same field of view but in cross-polarized light.    
 

Fig. 7 Thin-section photomicrographs showing a relict particle in the 
matrix exhibiting diffuse and cloudy rims (arrow). The interior 
portion of the particle maintains the original limestone texture. Field 
of view is 0.02 in. across.    
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