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Braun Intertec Corporation 
11001 Hampshire Avenue S 
Minneapolis, MN 55438 

Phone: 952.995.2000 
Fax:      952.995.2020 
Web:    braunintertec.com 

November 4, 2016          Project B1609878 
 
 

Mr. Matthew J. Wolf 
Henry Frerk Sons 
3135 West Belmont Avenue 
Chicago, IL 60618 
 

Re: Petrographic Analysis of Hardened Mortar  
  
 HFS PO No.: 65799 / Order No.: 102129 
 

Dear Mr. Wolf: 
 

We are pleased to present the results of the analysis of mortar sampled from five structures in 
 

 

Background 
 

Five plastic bags, each containing one or more small fragments of hardened mortar, were received on 
October 7, 2016 from Mr. Matthew J. Wolf of Henry Frerk Sons, Chicago, Illinois. The sample reportedly 
represents mortar taken from five different buildings or structures in the . 
Identification and brief descriptions of the five samples are given in Table 1.  
 

Table 1. Identifications and Brief Descriptions of Mortar Samples from the  

Sample Identification/ 
Location Brief Description of Sample Total Weight of 

Sample (grams) 

 One roughly round piece of hardened mortar, 
approximately 54 x 40 x 29 mm (2.1 x 1.6 x 1.1 in.). 63.4 

 
 tabular-shaped fragment of red mortar, the 

largest two pieces reassembled to piece 63 x 20 mm 
(2.5 x 0.8 in.) across x 5 to 7 mm (0.20 to 0.28 in.) thick. 

12.8 

  
 

Seven pieces of hardened mortar, the largest piece 
approximately 31 x 22 x 11 mm (1.2 x 0.9 x 0.4 in.). 12.2 

 
Six tabular-shaped fragment of hardened mortar, the 
largest three pieces reassembled to a piece 72 x 15 mm 
(2.8 x 0.6 in.) across x 5 mm (0.20 in.) thick. 

10.3 

 Seven pieces of hardened mortar, the largest piece 
approximately 31 x 22 x 11 mm (1.2 x 0.9 x 0.4 in.). 20.1 
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Figures 1 through 5 provide photographs of the as-received samples. No additional information was 
provided regarding sampling location or the history of the building(s) or structures from which the mortar 
was collected. 
 

Purpose 
 
The purpose of our evaluation is to document the general composition and mass proportions of mineral 
constituents in the provided mortar samples.  
 

Methodology 
 
Laboratory analyses of the mortar samples were conducted in accordance with ASTM C1324, “Standard  
Test Method for Examination and Analysis of Hardened Masonry Mortar,” which included both 
petrographic examination and chemical analysis. The sample was initially examined and photographed  
in as-received condition, then split with a representative portions designated for microscopical 
(petrographic) examination and chemical analysis. Portions of the mortar sample were embedded in 
epoxy, and after the epoxy set, the resulting embedded specimen was saw-cut, polished and examined 
with a stereomicroscope at magnifications up to 45X. The polished surface was then attached to a glass 
microscope slide with epoxy and thin sectioned. The thin section was examined with a petrographic 
(polarized-light) microscope at magnification of up to 400X. The microscopical observations were 
performed in the Braun Intertec laboratory in Spring Green, Wisconsin.  
 
Chemical analysis of the mortar was performed by Wyoming Analytical Laboratories Inc., Golden, CO  
and the Braun Intertec office in Bloomington, MN. Refer to the chemical analysis report for additional 
details of the analysis and methodology. 
 

Findings 
 
Findings of the petrographic and chemical analyses reveal that the provided samples represent a variety 
of different mortar mixtures. Table 2 provides a summary of the type of mortar and determined 
volumetric proportions of mineral constituents.  
 
Table 2. Summary of Descriptions and Determined Proportions for the  Mortar Samples  

Sample ID Mortar Description Volumetric Proportions 

 Portland cement mortar 1 PC : 2.85 Sand 

 Portland cement – hydrated lime mortar 1 PC : 1 Lime : 6 Sand 

 Portland cement – hydrated lime mortar 1 PC : 1.5 Lime : 7.7 Sand 

 Pigmented, hydrated lime mortar  1 Lime : 3 sand 

 Hydrated lime mortar 1 Lime : 3 Sand 

Date

_________________________________________
_________________________________________.



 Henry Frerk Sons  
Project B1609878 
November 4, 2016 
Page 3 

 

Volumetric proportions of the mineral constituents of the mortar sample were determined by chemical 
analysis and expressed as the ratio of portland cement (PC) to hydrated lime to sand for cement-lime 
mortars, or hydrated lime to sand.  

The estimated proportions by volume are based on the assumption that when the magnesium oxide 
content is low, the lime used was a high calcium lime. Similarly, when the MgO content is high it is 
assumed that the lime used was a dolomitic lime. The magnesium oxide (MgO) content is relatively high in 
all of the mortar samples, with the exception of the  mortar. Magnesium oxide contribution from 
the portland cement, when present, is assumed to be 2.5%. In the portland cement-lime mortars and 
hydrated lime mortars, it is unclear whether the remaining MgO is contributed from the lime, or dolomite 
in the aggregate, or both. The petrographic study indicates the presence of dolomite so it presumed that 
there is some contribution of MgO from the dolomite in the aggregate fraction of the mortar. Further 
study would be required, including x-ray diffraction or thermogravimetric analyses, to identity the 
presence of brucite. The presence of brucite would indicate a dolomitic lime was used and quantitative x-
ray diffraction would provide the percentage of dolomite in the sample, which would provide a basis for 
the contribution of MgO from the aggregate fraction. If it is found that dolomitic lime is present then the 
calculations can be adjusted using assumed values for typical dolomitic lime and dolomite aggregate 
chemistries. 
 
The hydrated lime mortar proportions were estimated using the loss-on-ignition at 950 degrees C that 
were corrected for CO2 contributed by the carbonate aggregate, as well as, the 550 degrees Celsius loss-
on-ignition. It should be noted that the  sample contained a pigment comprised of 
ochre based on the petrographic examination. Ochre can be a mixture of hematite, limonite, and/or 
goerthite, the latter two containing chemically combined water, which produces a bias in the 550 degrees 
Celsius loss-on-ignition. Mineral pigments are also acid insoluble, which will bias the acid insoluble residue 
used to estimate the sand content. For the  sample the acid insoluble residue was 
corrected with an assumed value of 10%.
 
Refer to the attached chemistry report for additional findings of the chemical analysis.  
 

The following additional findings and observation are based on the results of the petrographic examinations 
of the five provided sample.  
 

 
1. The light-gray to buff-colored mortar is composed of siliceous and calcareous, natural sand 

aggregate dispersed in a non-air-entrained matrix of portland cement. If hydrated lime is present, 
it is present in minor amounts and is finely disseminated in the cement matrix. Figures 6, 7, and 8 
further document some of the visible and microscopical features of the mortar sample.  
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2. Numerous relics of residual (partially hydrated portland cement clinker particles, as well as 
abundant “ghost” relics of in-situ hydrated cement clinker, are microscopically observed in the 
cement paste (Figure 8), confirming the presence of portland cement in the sample.  
 

3. Microscopical examination of the mortar in petrographic thin section reveals evidence of 
significant weathering of the mortar and sparse to almost no portlandite (calcium hydroxide) 
crystals (a hydration product of portland cement), and very limited carbonation (Figure 8). Many 
of the small voids in the paste contain secondary deposits, mostly ettringite (calcium sulfo-
aluminate hydrate), and calcium carbonate. 
 

4. Overall, the mortar fragment is moderately firm but partially deteriorated along at and near 
existing outer surfaces. Absorbency of the cement paste is considered moderate to high. Porosity 
of the mortar is low, estimated in the range of 2 to 3 percent by volume of mortar, and attributed 
to small, random, irregularly-shaped entrapped voids.  
 

5. Aggregate used in the mortar is natural sand composed of a variety of siliceous and calcareous 
rock types, mostly quartz and carbonate rocks (limestone and dolomite), with lesser amounts of 
chert and chalcedony, fine-grained arenaceous rocks (sandstone and greywacke), quartzite, and 
various siliceous igneous and metamorphic rock types. Sand grains are mainly sub-rounded to 
sub-angular, equant, and apparently well graded to an observed top size of 2.5 mm (0.1 in.). 
 

6. Carbonate rock comprises an estimated 10 to 20% of the sand aggregate. 
 

  
1. The buff to light gray colored mortar is composed of siliceous and calcareous, natural sand 

aggregate dispersed in a non-air-entrained matrix of portland cement and hydrated lime. Figures 
9, 10, qned 11 further document some of the visible and microscopical features of the mortar 
sample. 
 

2. Relics of residual (partially hydrated) portland cement clinker particles, and “ghost” relics of in-
situ hydrated cement clinker, are microscopically observed in the cement paste (Figure 11), 
confirming the presence of portland cement in the sample.  
 

3. Small, white lumps of hydrate lime are noted but relatively sparse in the mortar (Figure 11); the 
remaining lime appears to be finely disseminated in the cementitious binder. 
 

4. Overall, the mortar fragment is moderately firm to moderately weak and moderately to highly 
absorbent to liquids. Porosity of the mortar is low, estimated in the range of 1 to 3 percent by 
volume of mortar, and attributed to small, random, irregularly-shaped entrapped voids.  
 

  

Date



 Henry Frerk Sons  
Project B1609878 
November 4, 2016 
Page 5 

 

5. Aggregate used in the mortar is natural sand composed of a variety of siliceous and calcareous 
rock types, mostly quartz and carbonate rocks (limestone and dolomite), with lesser amounts of 
chert and chalcedony, fine-grained arenaceous rocks (sandstone and greywacke), quartzite, and 
various siliceous igneous and metamorphic rock types. Sand grains are mainly sub-rounded to 
sub-angular, equant, and aside from a possible scarcity of fines, the sand appears well graded to 
an observed top size of 2 mm (0.08 in.). 
 

6. Carbonate rock comprises an estimated 10 to 20 percent of the sand aggregate. 
 

7. Cementitious paste throughout the examined piece is carbonated. 
 

  
1. The buff-white gray colored mortar is composed of siliceous and calcareous, natural sand 

aggregate dispersed in a non-air-entrained matrix of portland cement and hydrated lime. Figures 
12, 13, and 14 further document some of the visible and microscopical features of the mortar 
sample. 
 

2. Relics of residual (partially hydrated) portland cement clinker particles, and “ghost” relics of  
in-situ hydrated cement clinker, are microscopically observed in the cement paste (Figure 14), 
confirming the presence of portland cement in the sample.  
 

3. Small, white lumps of hydrate lime are common in the mortar (Figure 14); the remaining lime 
appears to be finely disseminated in the cementitious binder. 
 

4. Overall, the mortar fragment is moderately weak and crumbly and highly absorbent to liquids. 
Porosity of the mortar is low, estimated in the range of 1 to 3 percent by volume of mortar, and 
attributed to small, random, irregularly-shaped entrapped voids.  
 

5. The mortar exhibits numerous small microcracks or tear-like features commonly seen in many 
lime-bearing mortars. 
 

6. Aggregate used in the mortar is natural sand composed of a variety of siliceous and calcareous 
rock types, mostly quartz and carbonate rocks (limestone and dolomite), with lesser amounts of 
chert and chalcedony, fine-grained arenaceous rocks (sandstone and greywacke), quartzite, and 
various siliceous igneous and metamorphic rock types. Sand grains are mainly sub-rounded to 
sub-angular, equant, and aside from a possible scarcity of fines, the sand appears well graded to 
an observed top size of 2 mm (0.08 in.). 
 

7. Carbonate rock comprises an estimated 10 to 20 percent of the sand aggregate. 
 

8. Cementitious paste throughout the examined pieces is carbonated, although a few of the lime 
lumps appear to be minimally carbonated. 

Date
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1. The pale, light salmon-red colored mortar is composed of siliceous and calcareous, natural sand 

aggregate dispersed in a pigmented matrix of hydrated lime. Figures 15, 16, and 17 further 
document some of the visible and microscopical features of the mortar sample. 
 

2. The pink/red coloration of the mortar is attributed to the addition of a finely ground mineral 
pigment, probably ground hematite, commonly known as “red ochre”. 
 

3. Small, white lumps of hydrate lime are common in the mortar; the remaining lime appears to be 
finely disseminated in the cementitious binder. 
 

4. Overall, the mortar fragment is moderately firm and highly absorbent to liquids. Porosity of the 
mortar is low, estimated in the range of 1 to 3 percent by volume of mortar, and attributed to 
small, random, irregularly-shaped entrapped voids.  
 

5. The mortar exhibits numerous small microcracks or tear-like features commonly seen in many 
lime-based mortars. 
 

6. Aggregate used in the mortar is natural sand composed of a variety of siliceous and calcareous 
rock types, mostly quartz with lesser amounts of carbonate rocks (limestone and dolomite), chert 
and chalcedony, fine-grained arenaceous rocks (sandstone and greywacke), quartzite, and various 
siliceous igneous and metamorphic rock types. Sand grains are mainly sub-rounded to angular and 
equant. The sand appears somewhat sorted with an observed top size of 0.8 mm (0.3 in.). 
 

7. Carbonate rock comprises an estimated 5 to 10 percent of the sand aggregate. 
 

8. Cementitious paste throughout the examined pieces is carbonated, although a few of the lime 
lumps appear to be minimally carbonated. 

 

 
1. The buff-white colored mortar is composed of siliceous and calcareous, natural sand aggregate 

dispersed in a matrix of hydrated lime. Figures 18, 19, and 20 further document some of the 
visible and microscopical features of the mortar sample. 
 

2. Small, white lumps of hydrate lime are common in the mortar (Figure 20); the remaining lime 
appears to be finely disseminated in the cementitious binder. 
 

3. Overall, the mortar fragment is moderately weak and highly absorbent to liquids. Porosity of the 
mortar is low, estimated in the range of 1 to 3 percent by volume of mortar, and attributed to 
small, random, irregularly-shaped entrapped voids.  
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4. The mortar exhibits abundant small microcracks or tear-like features commonly seen in many 
lime-based mortars (Figures 18 and 19). These features are not included in the estimated porosity 
of the mortar. 
 

5. Aggregate used in the mortar is natural sand composed of a variety of siliceous and calcareous 
rock types, mostly quartz with lesser amounts of carbonate rocks (limestone and dolomite), chert 
and chalcedony, quartzite, and various siliceous igneous and metamorphic rock types. Sand grains 
are mainly rounded to sub-angular and equant. The sand appears well graded with an observed 
top size of 2 mm (0.08 in.). 
 

6. Carbonate rock comprises an estimated 5 to 10 percent of the sand aggregate. 
 

7. Cementitious paste throughout the examined pieces is carbonated, although a few of the lime 
lumps appear to be minimally carbonated. 

 

Discussion 
 
Materials and techniques used in production of historic mortars may have been different from those 
available for modern mortar and matching the physical properties of historical mortar may be difficult. 
Existing standards and practices, such as ASTM C1713, “Standard Specification for Mortars for the Repair 
of Historic Masonry, for historic mortars, or ASTM C 270, “Standard Specification for Mortar for Unit 
Masonry” for modern mortars should be considered when formulating new re-pointing and repair mortar. 
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General Remarks 
 
Findings of this evaluation are based solely on examination and analysis of the provided sample and  
may not necessarily represent the materials and condition of materials elsewhere in the same structure. 
 
In performing its services, Braun Intertec used that degree of care and skill ordinarily exercised under 
similar circumstances by reputable members of its profession currently practicing in the same locality.  
No warranty, express or implied, is made. 
 
Samples will be retained for 30 days from the date of this report unless additional instructions for  
longer sample retention are provided. 
 
If you have any questions or concerns, please do not hesitate to contact Ron Sturm at 612.280.6505. 
 
Sincerely, 
 
BRAUN INTERTEC CORPORATION 

 
Ronald D. Sturm 
Senior Petrographer 
 
Reviewed By: 
 
 
 
Mark Lukkarila 
Senior Materials Scientist 
 
Attachment: 
Chemistry Report 
 
  

Date
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1a. 

 
1b. 

Figure 1. The  mortar sample, as received for examination and analysis.
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Figure 2.  The  mortar sample, as received for examination and analysis.

 
Figure 3.  The mortar sample, as received for examination and analysis.
  

_________

__________
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Figure 4.  The  mortar sample, as received for examination and analysis.

 
Figure 5.  The  mortar sample, as received for examination and analysis.
  

__________________

_______
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Figure 6.  Polished cross section of the  mortar sample, as seen through an 

attached glass slide, shows visible characteristics and distribution of sand aggregate  
bound in the cement-based matrix. Length of field, left to right, is 4 mm (0.16 in.).

  
Figure 7.  Photomicrographs of the  mortar sample in thin section further 

document the visible and mineralogical characteristics of the sand dispersed in the 
hardened cement matrix. Examples of siliceous and calcareous sand grains are 
respectively marked with red and blue arrows. Each image pair is shown in 
transmitted, plane-polarized light (left) and cross-polarized light (right). Length of 
field shown (LOF), top to bottom, is approximately 3 mm (0.12 in.). 

  

Date
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8a. Transmitted, plane-polarized light. 

 
8b. Same area as above, viewed in cross-polarized light. 

Figure 8.  Thin section photomicrographs of the  mortar sample further 
document the composition of the cement matrix. Red arrows mark examples of  
residual (unhydrated and partially hydrated) portland cement clinker particles.  
Several siliceous and calcareous sand grains are respectively marked “S” and “C.”   
Also note lack of crystalline material (due to leaching) in the lower image. Length  
of field (LOF), left to right, is approximately 0.6 mm (0.024 in.). 
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Figure 9.  Polished cross section of the  mortar sample, as seen through an attached  

glass slide, shows visible characteristics and distribution of sand aggregate bound in “ 
the cement-lime matrix. Length of field, left to right, is 4 mm (0.16 in.).

  
Figure 10.  Photomicrographs of the  mortar sample in thin section further 

document the visible and mineralogical characteristics of the sand dispersed in 
the cement-lime matrix. Examples of siliceous and calcareous sand grains are 
respectively marked with red and blue arrows. Each image pair is shown in 
transmitted, plane-polarized light (left) and cross-polarized light (right). Length of 
field shown, top to bottom, is approximately 3 mm (0.12 in.). 
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11a. Transmitted, plane-polarized light. 

 
11b. Same area as above, viewed in cross-polarized light. 

Figure 11.  Thin section photomicrographs of the  mortar sample further document the 
composition of the cement matrix. Red arrows mark examples of residual (unhydrated 
and partially hydrated) portland cement clinker particles. Yellow arrows mark a lump of 
hydrated lime. A few siliceous and calcareous sand grains are respectively marked “S” and 
“C.” Length of field, LOF, l. to r., is approximately 0.6 mm (0.024 in.). 
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Figure 12.  Polished cross section of the  mortar sample, as seen through an attached  

glass slide, shows visible characteristics and distribution of sand aggregate bound in “ 
the cement-lime matrix. Length of field, left to right, is 4 mm (0.16 in.).

  
Figure 13.  Photomicrographs of the  mortar sample in thin section further 

document the visible and mineralogical characteristics of the sand dispersed in the 
cement-lime matrix. Examples of siliceous and calcareous sand grains are 
respectively marked with red and blue arrows. Each image pair is shown in 
transmitted, plane-polarized light (left) and cross-polarized light (right). LOF, top to 
bottom, is approximately 3 mm (0.12 in.). 

  

Date



 Henry Frerk Sons  
Project B1609878 
November 4, 2016 
Page 17 

 

 
14a. Transmitted, plane-polarized light. 

 
14b. Same area as above, viewed in cross-polarized light. 

Figure 14.  Thin section photomicrographs of the  mortar sample further document  
the composition of the cement-lime matrix. Red arrows mark examples of residual 
(unhydrated and partially hydrated) portland cement clinker particles. Yellow  
arrows mark a lump of hydrated lime. Two siliceous sand grains are marked “S.”  
LOF, l. to r., is approximately 0.6 mm (0.024 in.). 
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Figure 15.  Polished cross section of the  mortar sample, as seen through an attached  

glass slide, shows sand aggregate bound in the pigmented lime matrix. White particles  
are mostly small lumps of hydrated lime. LOF, l.to r., is 4 mm (0.16 in.).

  
Figure 16.  Photomicrographs of the  mortar sample in thin section further 

document the visible and mineralogical characteristics of the sand dispersed in 
the pigmented lime matrix. Red and blue arrows respectively mark examples of 
siliceous and calcareous sand grains. Yellow arrows mark a lump of hydrated lime. 
Each image pair is shown in transmitted, plane-polarized light (left) and cross-
polarized light (right). LOF, t. to b., is 3 mm (0.12 in.). 
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17a. Transmitted, plane-polarized light. 

 
17b. Same area as above, viewed in cross-polarized light. 

Figure 17.  Thin section photomicrographs of the  mortar sample further document the 
composition of the lime-based matrix. Yellow arrows mark two lumps of hydrated lime. 
Red arrows mark suspected coarse particles of ground mineral pigment. A few siliceous 
sand grains are marked “S.” LOF, l. to r., is approximately 0.6 mm (0.024 in.). 
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Figure 18.  Polished cross section of the mortar sample, as seen through an attached  

glass slide, shows sand aggregate bound in the lime-based matrix. Note the abundant 
micro-tears in the lime binder. LOF, l.to r., is approximately 4 mm (0.16 in.).

  
Figure 19.  Photomicrographs of the  mortar sample in thin section further document 

the visible and mineralogical characteristics of the sand dispersed in the lime-based 
matrix. Red and blue arrows respectively mark examples of siliceous and 
calcareous sand grains. Each image pair is shown in transmitted, plane-polarized 
light (left) and cross-polarized light (right). LOF, t. to b., is 3 mm (0.12 in.). 
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20a. Transmitted, plane-polarized light. 

 
20b. Same area as above, viewed in cross-polarized light. 

Figure 20.  Thin section photomicrographs of the  mortar sample further document the 
composition of the lime-based matrix. Yellow arrows mark two lumps of hydrated  
lime. The lime is otherwise well dispersed. Several siliceous sand grains are marked “S.” 
LOF, l. to r., is 0.6 mm approximately (0.024 in.). 
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