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DRA-25.  BOULDER STUDY 
D. Sweeney, N. Dunbar, M. Logsdon, V. McLemore, L. Heizler, A. Dickens; October 19, 
2007; revised December 12, 2008 
 
1. STATEMENT OF PROBLEM 
What are the main processes governing the rapid breakdown of loose boulders on the 
Questa rockpiles? Is the rock fragmentation due primarily to physical processes (e.g. 
freeze thaw, thermal expansion), chemical weathering, or both? How are the changes 
expressed mineralogically and physically and what processes do the changes represent? 
Are the weathering processes seen in the boulders controlled in some ways by the initial 
hypogene characteristics of the rocks? 
 
2. PREVIOUS WORK   

A number of studies have investigated mineralogical and physical changes that 
take place in rocks exposed to surface weathering, both in natural systems and for stone 
monuments, buildings and bridges.  A type of physical breakdown process observed in a 
number of studies is related to volume changes in some phases (i.e. gypsum, mica), 
which cause microcracks in the host rock, leading to disaggregation of grains.  Other 
studies also observe grain-by-grain disaggregation, but attribute the breakdown to 
chemical dissolution of phases within the rock.  Some relevant studies are listed below.   

 
• Chavdarian and Sumner (2006): Cracks and fins observed at White Sands 

National Monument 
• Darmody et al. (2005):  Boulder mantles 
• Easki and Jiang (1999): Physical weathering is the predominant weathering 

process affecting a bridge composed of welded tuff 
• Hammarstrom et al. (2005):  Secondary sulfates 
• Joeckel et al. (2005):  Sulfate crusts 
• Ludington et al. (2005):  Background to Straight Creek Scar 
• McFadden et al. (2005):  Deterioration due to solar heating 
• Murton et al. (2006):  Deterioration due to ice wedging/volume changes 
• Plumlee et al. (2005):  Background to Questa mineralization 
• Suggate and Watters (1991):  Deterioration due to mica hydration/volume 

changes. 
 
3.  TECHNICAL APPROACH 
 The purpose of this study is to document the nature of physical and chemical 
weathering that affects weathered boulder samples on the surface of many Questa rock 
piles and to identify the differences between physical and chemical weathering in the 
different types of weathered boulders (Figure 1 and Appendices 1, 2, and 3) 
 
Characterization of physical and chemical weathering includes: 

• Physical and textural changes from fresh to weathered zones (i.e., increase or 
decrease of different scales of fracturing, changes in contact relationships) 

• Character of fracture selvages 
• Mineralogical and chemical changes from fresh to weathered zones (Appendix 2) 
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• Paragenesis of hydrothermal alteration and weathering 
• The mobility of elements found in soluble minerals (e.g., calcite, pyrite) and in 

secondary precipitates (e.g, jarosite, goethite, gypsum, or clay minerals if any 
newly formed clays exist) 

• Fracture thicknesses with respect to distance from the outer portion of the boulder 
• Changes in vein or fracture-filling mineralogy. 

Twenty-seven boulder samples were collected from Sugar Shack West, Sugar Shack 
South, Goathill North and Capulin rock piles in June, October and November 2007.  
These samples were initially classified based on the distinct disintegration style of each 
boulder (Table 1). Seven main types were identified (Appendix 2 and 3). Petrographic 
analysis, including thin section analysis, of the boulders is described in SOP 24 and 26.  
Stable isotope analysis is described in SOP 25.  

Data collection at three different scales, macro (boulder/hand sample), meso (thin 
sections), and micro (electron microprobe), provides contrasting, but related observations 
and interpretations. Complete characterization of the boulders at the three scales include:  

• Identification of the boulder lithology 
• Estimate of mineral abundances 
• Estimation of hydrothermal alteration 
• Paragenesis   
• Any special features within the sample, such as veins or fractures.   

Sample location is documented, because relationships to water flow through the 
rock pile could prove useful during interpretation. Photographs of the boulders with 
scales were used to document important macroscopic features such as fractures and veins.  

Descriptive characterization at the hand sample scale provides the large-scale 
context of visual physical weathering of the sample. Although visual observations of 
hand samples are typically qualitative to semi-quantitative, they provide context in terms 
of proto-lithology and hydrothermal alteration styles that are important to understanding 
the weathering alteration. Thin section petrography as well as qualitative and quantitative 
data at the micron scale provides detailed mineral composition, textural and paragenetic 
information. Thin section petrography provides meso-scale details that can be linked to 
the macro-scale observations by documenting textures (original and hydrothermal 
alteration, veins, and fractures) and mineralogical changes.  

Electron microprobe analysis allows examination of chemical changes within 
specific minerals. Reactive minerals (carbonate, pyrite), clays and iron hydroxides 
(goethite) are quantitatively analyzed and clay traverses near pyrite and calcite 
documents chemical changes and possibly identifies chemical gradients. Textural 
observations could identify possible clay formation, and enable the distinction between 
iron that exists as thin coatings on pre-existing clay minerals as opposed to probable 
changes in clay-mineral composition.  

Selected samples were analyzed for geochemistry, clay types and relative 
abundances, and sulfur-sulfate concentrations (Appendix 1). Quantitative mineralogy was 
determined using the modified ModAn technique (McLemore et al., 2009), which uses 
chemical analyses, modal results and other mineralogic data.  Petrography was conducted 
at the thin section scale. Imaging and quantitative analyses were carried out on polished 
1” round sample mounts. Isotopic analyses for S and O were carried out on a small subset 
of samples.   
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 Selected samples are being examined using quantitative X-ray diffraction 
analysis by Rietveld refinement and mineralogical evaluation at Mineral Services Canada 
and University of British Columbia. 
 
4. CONCEPTUAL MODELS 

Literature suggests that breakdown of rocks in nature happens either by fracturing 
or by disaggregation of grains at grain boundaries, or possibly by a combination of the 
two processes. Cracking and fracturing may be propagated and widened by volume 
changes due to mineralogical changes. For example, gypsum changes to anhydrite at 
~65ºC (Klein and Hurlbut Jr., 1993). McFadden et al. (2005) noted that clast surface 
temperatures in desert regions might change by as much as 45ºC throughout the year. 
This temperature fluctuation may allow for the conversion of gypsum to anhydrite and 
back multiple times during a seasonal time period; this process was noted at White Sand 
National Monument (Chavdarian and Sumner, 2006). Other mineralogical changes also 
could include mica hydration and dehydration (Suggate and Watters, 1991). Grain to 
grain disaggregation in a rock sample may be chemically mediated, whereas dissolution 
at grain boundaries liberates grains from each other. This grain-to-grain disintegration 
process may be accentuated by dissolution of cementing minerals in some boulders. The 
most likely chemical process affecting short-term chemical weathering of boulders is 
rapid pyrite oxidation resulting in the production of sulfuric acid, which would be the 
dissolution of other minerals. Iron liberated as a result of this process may form other Fe 
phases (i.e. hematite, goethite), possibly resulting in boulder staining (see Fig. 2). 
 
5. STATUS OF COMPONENT 
5.1 Boulder description 

Five distinct styles of boulder disintegration were identified in three boulder 
lithologies (intrusive, rhyolite, or andesite) in field investigations (Appendix 2). 
Disintegration types appear to be variations on two themes; boulders (mainly intrusive) 
that are crumbling and discolored, with variation in breakdown and discoloration 
intensity either across the boulder (Type I) or associated with a pyrite vein (Type II), or 
boulders (mainly andesite) that are fractured and contain gypsum fracture fills or coatings 
(Types III, IV, and V). These boulders are breaking down along fracture systems instead 
of crumbling like the intrusive boulders. In this study, two boulder disintegration types, 
Type I and IV, were chosen for the most intensive study. Type I disintegration is 
characterized by a crumbly texture and color gradient from gray to yellow (Fig. 2). 
Analytical sites were chosen to determine the gross textural, mineralogical and 
geochemical differences between the gray (less altered) and yellow (more altered) 
portions of the boulder (Fig. 2). In hand-sample observations, pyrite seemed more 
abundant in the altered (yellow) areas of the boulder than in the less altered or gray areas. 
Type IV disintegration is typified by breakdown of andesite boulders into angular 
fragments; this type is characterized by an extensive gypsum-filled vein system. There is 
no discernable “weathered” vs. “unweathered” portion of the boulder, based on either 
color or texture. Instead, the veins and fractures seem to be affecting, possibly 
determining, how the boulder falls apart. 

 
5.2 Bulk geochemical characteristics of boulders  
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 Results of bulk geochemical analyses carried out on selected boulder samples are 
shown in Fig. 3. For the boulders that show transitional breakdown, sub-samples were 
selected from different parts of the boulder, from the unweathered inner portion to the 
broken-down and discolored edge. For several andesite boulders that contain gypsum 
veins but no obvious weathering profiles, only a single analysis was carried out. 
Representative major and trace element analyses are presented in Figure 3 as bar graphs 
that show sets of sub-samples. 
 The bulk geochemical analyses show a lack of consistent geochemical variation 
with position in the boulder. Although there is some geochemical variation between sub-
samples within a single boulder, no consistent trends are apparent. If the processes 
affecting boulder disaggregation involved large-scale dissolution of reactive phases (i.e. 
pyrite, calcite) with accompanying mass loss of elements in these mineral phases, 
variations in CaO, FeO, SO4 and S2 would be expected, but none are observed.  The lack 
of overall mass loss in the samples is also highlighted by the lack of consistent variation 
in typically immobile trace elements Nb and Zr.  
 The bulk geochemical analyses suggest that despite the dramatic changes in 
competence and coloration of some boulders, the net geochemical composition of 
individual parts of the boulders remain unchanged.  Thus, the processes that are causing 
boulder discoloration and breakdown may be caused by local remobilization of chemical 
components in the boulder (dissolution of pyrite and calcite balanced by precipitation of 
gypsum, hydrated Fe-oxide phases and/or jarosite?), but that these processes occur as a 
geochemically closed system, at least on the hand sample scale.   
 
5.3 Textural Observations of Boulders 
 A subset of samples selected for the boulder study was examined petrographically 
and by using the electron microprobe (Table 1). Three of the samples are designated as 
Type I or Type II and the fourth as Type IV. For the Type I and II boulders, textures 
across weathering interfaces were examined.   
 
Type I and II Samples 

Type I and II samples show textural differences from the non-weathered to the 
weathered zone. Figure 4 shows images from a single 1” round microprobe mount, but 
one in which a distinct weathering profile was captured. This sample exhibited an 
unweathered zone, a transition zone, and a weathered zone. In the unweathered zone, the 
reactive minerals pyrite and carbonate are present and appear relatively pristine, although 
some dissolution of calcite has taken place. Note that in some cases, the pyrite and 
carbonate are surrounded by clay minerals. In the transition zone, less carbonate appears 
to be present and an increase in void space is observed. The weathered zone of the 
sample shows a distinctly high pyrite concentration, and the pyrite appears oxidized. No 
carbonate is observed in this part of the sample, although abundant void areas suggest 
that dissolution of pyrite and/or carbonate may have occurred. A Type II boulder, SSW-
DCS-0003, also shows dissolved pyrite in the most weathered area of the sample (Fig. 5).   
 
Type IV 

Type IV samples exhibit a distinctly different weathering character than Types I 
and II boulders. Veins filled with quartz, gypsum or pyrite crisscross the samples (Fig. 6). 



DRA-21 

Questa Weathering Study p 5 of 27 December 12, 2008 
 

Some gypsum veins consist of relatively dense gypsum, whereas in other veins within the 
same sample appear to be partially dissolved (compare Fig. 6B to Fig. 7). Some veins are 
void of material. Quartz selvages are present on most veins. Figure 6 shows the different 
types of fracturing within the same rock. Notably, gypsum-filled veins are wider than 
pyrite or quartz veins. This suggests that growth of gypsum may have caused expansion 
of the veins.  

 
5.4  Microbeam geochemical observations 

Textural observations within sample SSW-DCS-0001 show a number of 
dissolving pyrite and calcite crystals are surrounded by clay minerals. In order to gain 
more insight into the dissolution process, analyses of bulk clay compositions were made 
by stepping away from the pyrite or calcite cores (see example of points selected in Fig. 
8). These sequential analyses indicate that the elements Fe and Ca (+/- Mn) are enriched 
in the clay-rich areas in the immediate vicinity of the pyrite and the calcite, respectively 
(Table 4). In the case of pyrite, this is not a simple result of small particles of pyrite 
intermixed with the clay minerals because S in these areas is very low. The elements are 
typically higher in the clays associated with the dissolving phases than in the “average 
clay” composition of the sample (Table 4), although a determination of a true average 
clay composition is difficult because the sample contains more than one clay phase.  
More striking than the difference from average clay is the fact that Fe, Ca, and Mn 
become less enriched in the clay minerals as a function of distance from the dissolving 
core.   

Our interpretation of this chemical pattern is that as pyrite and calcite dissolve, 
they liberate Fe, Ca and Mn that are then sorbed to the spatially associated clay minerals.  
Notably, however, S is not remaining associated with the clays and is presumably 
migrating away from the dissolving mineral cores as sulfuric acid.   
 
5.5  Isotopic characteristics of gypsum associated with boulders 

Results of sulfur and oxygen stable isotopic analysis of a gypsum vein in an 
andesite boulder sample (SSS-DCS-0022) are presented in Figure 9. The diagram shows 
the Boulder study samples plot within the field of ore body (magmatic/hydrothermal) 
processes, similar to other gypsum collected from throughout the Questa rock piles 
(Campbell and Lueth, 2008). Our interpretation is that the gypsum veins originated as 
hydrothermal sulfate, probably anhydrite, and was converted to gypsum during supergene 
processes. Since the fractures are fairly weak, it is likely that conversion happened in the 
piles since it is unlikely the boulders would have survived transport otherwise. This 
mineralogical change would also produce a volumetric change, potentially causing 
widening of fractures and consequently weakening the boulder. Stable isotopes were not 
run on gypsum found in fractures in the intrusive rocks. However, it is likely that the 
same processes occurring in SSS-DCS-0022 may also be occurring in the intrusive 
boulders.   
 
6. RELIABILITY ANALYSIS 

• Processes occurring in the boulders are also occurring in the rock pile, albeit 
on a shorter time scale. 
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• Petrographic and electron microprobe observations are performed on 
relatively small samples and thus may not be completely representative. 

• Samples collected are complete, comparable, and representative of the 
weathered boulders at the defined scale.  

• Precision and accuracy are measured differently for each field and laboratory 
analysis (parameter), and are explained in the project reports, SOPs and DRAs 
(DRA-0). Most laboratory analyses depend upon certified reference standards 
and duplicate and triplicate analyses as defined in the project SOPs.  

• The sampling and analysis plans for the boulder study of the field program 
and the control of accuracy and precision as defined in the SOPs, provides a 
large high-quality set of observations and measurements that are adequate to 
support the interpretations and conclusions of this DRA. 

• The chemical analyses are accurate to within ±5% as determined by duplicate 
and triplicate analyses and comparison to known internal standards. The 
mineralogical analyses are estimated to be accurate to within ±10% of the 
reported value and compare well with other mineralogical techniques 
(McLemore et al., 2009; DRA 5). See McLemore and Frey (2008) for more 
details on the quality control and quality assurance, precision, and accuracy 
data. 

 
7. CONCLUSIONS 
A number of boulders in the area of the Questa rock piles have undergone dramatic 
breakdown in the past 40 years. Weathered boulders are found on the surface of most 
Questa rock piles and are of varying lithologies that include andesite, rhyolite (Amalia 
Tuff) and aplite/granite intrusions. The weathered boulders can be classified as six groups 
(Appendix 1, 2, and 3): 

• Type I shows an intrusive boulder with a color gradient from gray to yellow, with 
the yellow portion being substantially more deteriorated than the gray portion.  
The yellowish zone is typified by a “crumbly” texture.   

• Type II exhibits fracturing associated with pyrite veins. The “crumbly” texture 
found in Type I may also be found Type II, but to a lesser degree.   

• Type III is observed in the surrounding bedrock (andesite). Deterioration seems to 
occur along parallel planes.   

• Type IV shows extensive fracturing throughout the boulder with authigenic 
gypsum filling the veins.   

• Type V shows a gypsum crust forming along the outer surface of the boulder. 
• Type VI exhibits a fine-grained apron around the perimeter of the boulder. This 

fine-grained material has limited cementation. Additionally, a fine-grained 
reddish material is found at the base of the sample. This type may exhibit 
characteristics of other boulder types.   
Although several different types of breakdown occur, they can be divided into 

two main groups (Type I &II, and Type III, IV, V, and VI).  First are boulders that are 
crumbling and discolored, with variation in disintegration and discoloration intensity 
either across the boulder or associated with localized areas of enriched pyrite or pyrite 
veins. The other types are andesite boulders containing gypsum veins that are breaking 
along fractures rather than crumbling. Bulk chemical and mineralogical analyses indicate 
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no geochemical or mineralogical changes occurring as a function of boulder 
disintegration. However, microbeam investigation shows that pyrite and calcite appear to 
be dissolving within the altered areas of Type I boulders, and also suggests that variable 
amounts of gypsum dissolution have occurred in Type IV. In addition, quantitative 
analysis shows that chemical gradients are present in clays near pyrite and calcite, 
suggesting that the elements Fe, Ca, and Mn are mobile during the dissolution process, 
and are being sorbed onto surrounding clay minerals.   

Our current understanding of the boulder dissolution process is as follows. For 
Type I (and Type II) or “crumbly” boulders, pyrite dissolution occurs as a result of pyrite 
being exposed to atmospheric moisture; this process liberates Fe and S. The Fe is sorbed 
by surrounding clay minerals, where it oxidizes and causes the observed rock 
discoloration. In contrast, the S forms sulfuric acid, which then dissolves calcite and at 
the same time weakens the grain boundaries between other mineral grains in the rock.  
This weakening allows the minerals in the rock to disassociate, leading to crumbling of 
the rock. We speculate that the degree of disintegration within a boulder is related to the 
presence or absence of localized high pyrite concentrations, with areas of abundant pyrite 
exhibiting increased or in some cases total disaggregation.   

For Type IV boulders, two possible scenarios may lead to boulder breakdown.  
First, the original mineralogy of the gypsum veins in the rock may have been magmatic 
anhydrite, and the transformation of anhydrite to gypsum could have levered the rock 
fragments apart. Secondly, observed dissolution of gypsum in some of the veins may 
have further allowed rock fragments between the veins to become dissociated. This 
process would lead to fragmentation of boulder samples without any significant chemical 
alteration to the rock matrix. Stable isotope results show that the gypsum found in Type 
IV boulders is magmatic in origin, indicating the gypsum was originally anhydrite. The 
volume change from anhydrite to gypsum likely occurred at the surface, which in turn 
affected the strength of the fractures in the boulder. 

Both of the processes described above may be taking place in the Questa rock 
piles, provided that the rock fragments have sufficient access to atmospheric moisture to 
promote pyrite oxidation and/or gypsum dissolution. Therefore, the boulder breakdown 
observed on the surface may be taking place, to a greater or lesser degree, in the rock 
piles themselves. 
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Figure 1. Geochemical breakdown of pyrite in presence of bacteria which produces sulfuric acid.  
http://www.dep.state.pa.us/dep/deputate/minres/districts/cmdp/Chap08-02.html (accessed June 11, 2007)
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Figure 2.  Boulders observed on different rock piles at Molycorp Mine, Questa, New Mexico. Note 
the various degrees and styles of “weathering”. Photos provided by D. Jacobs. 
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Figure 3.  Bar graphs of representative elements showing chemical variations from unaltered to altered portions of 
disintegrating boulders. 
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Figure 4.  Back scattered electron microprobe images from a Type I boulder (SSW-DCS-0001).  Brighter 
areas of the image indicate a higher mean atomic number.  Note that the non-weathered image has more 
carbonate than pyrite and very little void space.  The transition image has less carbonate and several 
voids are apparent.  The weathered image has no carbonate, abundant pyrite that shows dissolution and 
oxidation along grain boundaries and fractures. Note the void areas.  

Figure 5.  Backscattered electron image of partially dissolved pyrite 
in the weathered portion of a type II boulder (SSW-DCS-0003). 
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Figure 6.  Back scattered electron microprobe images of a Type IV boulder (SSS-DCS-0022).  These 
two images were obtained from the same sample.  The brightest phase is pyrite.  The phase with a 
feathery texture is gypsum and the darkest phase (not black) represents silicate minerals.  A) A photo 
mosaic image showing pyrite and quartz veins.  B) Image showing a gypsum filled vein with quartz 
selvages.  Note the gypsum filled vein is much wider than the pyrite or quartz veins in image A.  The 
field of view in image A is approximately 5 mm whereas the field of view in image B is approximately 
2.5 mm.   

Figure 7.  Backscattered electron image of a vein partially filled by gypsum along the lower 
selvage (feathery texture). Along the upper selvage relict pyrite cubes have been partially 
replaced by chlorite (+sm amts of calcite). Note enhanced dissolution of pyrite and 
infiltration by chloritic clay in some areas. Inclusions near grain boundary appear to be more 
susceptible to alt & provide access to the grain interior. Oxidized zones are present in pyrite 
(not visible in this image (see closeup image SSS-DCS-0022B-07 in Appendix 1).  
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Figure 8.  Backscattered electron image showing the analysis points in clay associated with pyrite.  In 
addition to showing analytical points, this image shows precipitation of Mn-rich calcite along the edges 
of a vein. The vein cuts through an altered phenocryst that is also partially replaced by Mn-calcite and 
clay that resembles kaolinite but w/minor K+/-Mn. Rounded dissolved pyrite grains are surrounded by an 
Fe-Mg-K clay. Concentrations of Fe-Mg-K decrease in traverses away from pyrite. The sample contains 
several phenos (low z in image) that are highly altered to dom kaolinitic clay that is intermixed carbonate 
+ clay of a different comp (see img SSS-DCS- 0003B-03 in Appendix 1).   
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Figure 9.  S-O isotopic diagram comparing Boulder study results with the scar and pile data. Boulder study 
samples (represented by pink squares in the diagram) plot within the field of ore body 
(magmatic/hydrothermal) processes. An anhydrite from the ore body sent for comparison (black circle to 
the right of the heaviest gypsum sample) also plots in this field.  
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Table 1:  Samples and analytical procedures selected for the boulder study.  The column 
labled “Analytical sites” indicates the number of analytical sites per sample. For example, 
three sites were selected for SSW-DCS-0001, a weathered zone, a non-weathered zone 
and a transitional zone.  
 

Sample Number Boulder 
Type 

Lithology Alteration Analytical 
Sites 

Bulk  
Geochem.

Texture Microbeam 
Geochem. 

CAP-DCJ-0001 I   3    
CAP-DCJ-0002 I rhyolite QSP 3   
CAP-DCJ-0003 I andesite QSP/prop. 3   
SSW-DCS-0001 I intrusive QSP 3  
CAP-MJL-0005 I andesite QSP 4  
SSW-DCJ-0001 I intrusive QSP 5   
CAP-MJL-0001 II rhyolite QSP/silic. 3   
SSW-DCS-0003 II intrusive QSP 3  
CAP-MJL-0004 IV rhyolite QSP/silic. 1    
SSS-DCS-0020 IV andesite  2    
SSS-DCS-0022 IV andesite QSP/prop 2   
SSW-DCS-0011 IV andesite propyllitic 1    
GHN-DCS-0001 V andesite QSP 3   
CAP-MJL-0006 VI andesite  3   

 



DRA-21 

Questa Weathering Study p 17 of 27 December 12, 2008 
 



DRA-21 

Questa Weathering Study p 18 of 27 December 12, 2008 
 

 



DRA-21 

Questa Weathering Study p 19 of 27 December 12, 2008 
 

 

 



DRA-21 

Questa Weathering Study p 20 of 27 December 12, 2008 
 



DRA-21 

Questa Weathering Study p 21 of 27 December 12, 2008 
 

9.  Technical Appendices  
Appendix 1.  Technical Report on Molycorp Boulder study. 
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Appendix 2.  Boulder types 
 Twenty-seven boulder samples were collected from Sugar Shack West, Sugar 
Shack South, Goathill North and Capulin rock piles in June, October and November 
2007.  These samples were initially classified based on the distinct disintegration style of 
each boulder. Five main types were identified (Fig.1-1). Two additional types of boulders 
are discussed in Appendix C. 

• Type I shows an intrusive boulder with a color gradient from gray to yellow, with 
the yellow portion being substantially more deteriorated than the gray portion.  
The yellowish zone is typified by a “crumbly” texture.   

• Type II exhibits fracturing associated with pyrite veins. The “crumbly” texture 
found in Type I may also be found Type II, but to lesser degrees.   

• Type III is observed in the surrounding bedrock (andesite).  Deterioration seems 
to occur along parallel planes.   

• Type IV shows extensive fracturing throughout the boulder with authigenic 
gypsum filling the veins.   

• Type V shows a gypsum crust forming along the outer surface of the boulder. 
• Type VI exhibits a fine-grained apron around the perimeter of the boulder.  This 

fine-grained material has limited cementation. Additionally, a fine-grained 
reddish material is found at the base of the sample. This type may exhibit 
characteristics of other boulder types. See Appendix C: Selected Samples for 
images.  



DRA-21 

Questa Weathering Study p 23 of 27 December 12, 2008 
 

 
 
 
 
  



DRA-21 

Questa Weathering Study p 24 of 27 December 12, 2008 
 

A 

B 

APPENDIX 3:  Illustrations of individual samples 
Type I:  Boulders exhibiting color gradations from the un-weathered proto-lithology 
(usually gray) to the weathered lighter color (usually yellow).  Texturally, the weathered 
end is highly friable and breaks easily on impact with a rock hammer. Circles on the 
images to the left are suggested sampling sites. A) Granitoid intrusive. B) Amalia Tuff.  
C) Andesite. 
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Type II: Boulders typified by veins in-filled with pyrite. Color gradations emanate 
perpendicularly from the veins. Squares represent probable sample analytical sites. A) 
Amalia tuff.  B) Granitoid intrusive.  We currently do not have a sample of the andesite.   
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Type IV:  Boulders exhibit stockwork veins and fractures. The veins and fractures are 
filled with a black mineral (image A) and a white mineral (images B& C). Breakdown 
seems to occur along these veins and fractures. Circles represent probable analytical sites.  
A) Andesite. B) Amalia Tuff. C) Andesite. We currently do not have a granitoid intrusive 
that exhibits this kind of deterioration. 
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Other types of boulder weathering also occur but are not as prevalent as the three above. 
A) Boulder has gypsum rind and the lithology is andesite. B) Boulder exhibits some Type 
I weathering qualities.  However, at the toe of the boulder (lower right corner) is an apron 
of lighter fine-grained material.  C) Same spot as B but with the boulder removed.  Note 
the apron of fine-grained material that seemingly surrounded the boulder.  Also note the 
red discoloration at the base of the trough where boulder rested.   

 

GHN-DCS-0001 A 

B CAP-MLJ-0006a

C


