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ABSTRACT 
Pulverulite rock is a very porous and weakly-cemented fine-grained carbonate (commonly limestone, containing variable 

amounts of dolomite, or dolostone), and pulverulite powder is a very fine degradational product of the pulverulite rock.  The 
rock and powder are produced by weathering of microporous carbonates.  In the Texas Hill Country area surrounding Junc-
tion, Texas, on the Edwards Plateau, pulverulite rocks and powders are common and well exposed.  From a number of 
roadcuts, we investigated the formation of pulverulite rock and powder by analyzing samples that represent the transition from 
intact and firm parent rock, to slightly-weathered rock, to pulverulite rock (strongly weathered), to pulverulite powder.  The 
process that produced the transition from intact rock to pulverulite rock was dissolution by meteoric water of an initial mi-
croporous limestone.  Pulverulite powder formed by breaking down weakly-lithified pulverulite rock by rain and possibly, in 
part, by freeze/thaw cycles, or a combination of the two.  The force of recrystallization of dissolved carbonate also may have 
added to the breakdown of the parent rock.  Pulverulite rock in the Texas Hill Country is composed predominantly of weakly-
cemented microcrystalline calcite particles that are rounded and pitted by dissolution.  Similar pulverulite rocks are seen in the 
Middle East, where they form portions of economical microporous hydrocarbon reservoirs beneath unconformities.  Relict pul-
verulite powder in the ancient record is a criterion for subaerial weathering. 
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INTRODUCTION 
Rose (1972) and Mueller (1975) noted a very fine, white to 

light gray, carbonate powder on Lower Cretaceous Fort Terrett 
and Segovia roadcuts and outcrops in the Junction area of Central 
Texas (Figs. 1 and 2).  They interpreted this carbonate powder, 
which they termed pulverulite, as a weathering product and noted 
it could be either calcite or dolomite dominated (Fig. 3).  Other 
researchers (e.g., Kahle, 2012) also applied the term to weath-
ered, very soft, friable, porous rock (pulverulite rock).  Rose 
(1972) and Mueller (1975) did not research the origin of pulveru-
lite powder much beyond recognizing it as a weathering product.  

Rose (1972) suggested that it formed since the roadcuts were 
excavated during the 1950s and 1960s.   

Research here focuses on the stages of development of pul-
verulite rock and powder and on the precursors that could pro-
duce them.  Specific objectives of this paper are to (1) provide a 
description of pulverulite rock and powder, (2) define the para-
genesis of the formation of pulverulite rock and powder, (3) iden-
tify rock types that weather to pulverulite rock and powder,            
(4) discuss whether pulverulite rock and powder can be preserved 
into the rock record, and (5) reflect on whether pulverulite rock 
and former powder (now lithified) can form porous zones at un-
conformities that may be hydrocarbon reservoirs. 

An understanding of the origin and processes of pulverulite 
rock or powder formation will aid in understanding diagenetic 
processes at subaerial unconformities and whether pulverulite 
rock or powder can be an indicator of unconformities.  Most im-
portantly, pulverulite rock or powder may be a potential hydro-
carbon reservoir type beneath unconformities.   
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Figure 1.  Area of investigation.  Majority of samples were collected along Interstate 10. 

Figure 2.  Stratigraphic section in the eastern part of the Ed-
wards Plateau.  Original section by Rose (1972), slightly mod-
ified by Mueller (1975) and present authors. 

DATA AND METHODS 
Lower Cretaceous roadcuts in the area of Junction, Texas 

(Fig. 1, Table 1), are the source of data for this investigation.  
Samples of intact host rock, weathered rock, and associated 
weathered powder were collected from 40 sites, mainly along 
Interstate 10 (generally younger roadcuts)—constructed between 
1949 and 1968 in the Central Texas area (Wikipedia, 2017)—and 
adjoining service roads (generally older roadcuts).  Care was 
taken to collect a spectrum of samples that represent the grada-
tion of relatively unaltered strata to loose powder. 

The firm rock samples were slabbed and investigated with a 
binocular microscope.  Polished thin sections, stained for car-
bonate minerals, were prepared for 41 samples, including firm 
rock to very lightly lithified rock.  The thin sections were impreg-
nated with blue-dyed epoxy to highlight macropores and blue-
fluorescent dye to highlight micropores under UV light.  Loose 
powders were observed with a petrographic microscope by 
mounting the powder in oil on thin-section glass slides with a 
cover slip (Fig. 3D).   

Semiquantitative X–ray diffraction (XRD) analysis was 
conducted on 34 pulverulite samples (Fig. 4), which were sieved 
through a 150-µm mesh screen.  Approximately 15 mg of each 
powder sample were analyzed using an InXitu BTX 308 Portable 
XRD Analyzer at the University of Texas at Austin. 

An additional 45 samples, ranging from relatively unaltered 
rocks to pulverulite powder, were analyzed for mineralogy by 
XRD at the University of Edmonton.  Approximately 1 g of each 
sample was mixed with an internal quartz standard, then mounted 
on a zero-background plate.  Samples were powdered using a  
low-speed microdrill with tungsten carbide and diamond bits.  
The equipment used was a Rigaku Ultima IV XRD system, 
which uses a cobalt tube with a radiation wavelength (λ) value of 
1.78899Å, run at 40 kV and 35 mA.  All scans were run from 2° 
to 100° 2θ, using a 0.02° 2θ step size with a scan speed of 2° 2θ 
per min.  The resulting peaks were then corrected with the quartz 
internal standard d101 peak (31.035° 2θ).  Minerals were identi-
fied with Jade 9 software. 
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Figure 3.  Pulverulite images.  (A) Thick bed of pulverulite rock extending across roadcut.  (B) Pulverulite rock and associated 
pulverulite powder.  (C) Pulverulite powder.  (D) Glass-slide oil mount of pulverulite powder.  Particles range in size from 1 to 30 
microns.  (E) Thin section of pulverulite powder showing microcrystals of calcite with rounded, elongated forms.  (F) SEM image 
of pulverulite powder overlain by energy dispersive X–ray spectroscopy (EDS) elemental map.  Blue is calcite and red is epoxy.  
Particles have variable shapes and many are rounded. 



Selected polished thin sections showing a range of alteration 
intensities were viewed on a field-emission scanning electron 
microscope (FESEM) to characterize detailed crystal morpholo-
gy, diagenetic features, and pores.  A series of rock chips was 
viewed on the FESEM to characterize the crystals and diagenetic 
features in three dimensions.  Ar–ion milled samples allowed 
fabric and texture analysis and point counting of a flat surface  
for porosity.  An FEI Nova NanoSEM 430 system at the Uni-
versity of Texas at Austin was used for analysis.  This FESEM 
equipped with in-lens secondary-electron detectors provided 
greatly enhanced detail of nm-scale features.  Lower accelerat-
ing voltages (10 to 15 kV) were generally used on these sam- 
ples to prevent beam damage, and working distances were 3 to 9 
mm.   

Twenty-five samples ranging from intact rock to pulverulite 
powder (devoid of dolomite) were selected and measured for 
carbon and oxygen isotopes at the Department of Geological 
Sciences isotope laboratory at the University of Texas at Austin.  
Approximately 0.3 mg aliquots were analyzed for δ13C and δ18O 
using a ThermoFisher Scientific GasBench II system coupled to a 
ThermoFisher Scientific MAT 253 Isotope Ratio Mass Spec-
trometer (Révész and Landwehr, 2002; Spötl and Vennemann, 
2003).  Aliquots were reacted in helium-flushed vials with 103% 
H3PO4 at 122°F (50°C) for 3 hr.  Data are calibrated using calcite 
standards NBS–18 (δ18OVPDB (Vienna Pee Dee Belemnite) = -23.0‰, 
δ13CVPDB = -5.0‰) and NBS–19 (δ18OVPDB = -2.3‰, δ13CVPDB = 
1.95‰).  Twelve replicates of an internal carbonate standard 
were analyzed throughout the analytical session to account for 
analytical drift and precision.  Analytical precision of ±0.10‰ 
for δ18OVPDB and ±0.06‰ for δ13CVPDB was routinely achieved. 

 
Geographical Setting and Stratigraphy 

The area of investigation (Fig. 1) is centered around Junc-
tion, Texas, in the Hill Country of the Edwards Plateau.  Lower 
Cretaceous strata in the area are dominated by flat-lying marine 
carbonates of the Albian Fort Terrett and Segovia formations 

(Fig. 2) (Rose, 1972; Mueller, 1975).  The depositional setting 
for these marine carbonates ranged from muddy lagoonal, to  
high-energy shoals, to tidal flats—some evaporitic.  The initial 
composition of the carbonates was a mixture of calcite and Mg–
calcite with lesser aragonite, as would be expected in the Lower 
Cretaceous greenhouse environment (Sandberg, 1983; Volery et 
al., 2009).  At the top of the Fort Terrett Formation is the 
Kirschberg Evaporite Member (Fisher and Rodda, 1969; Willis et 
al., 2001), which was deposited in a restricted marine salina.  In 
the area of investigation, the evaporite has been dissolved and is 
now a highly disturbed and brecciated zone (Fisher and Rodda, 
1969).  Strata in the area of investigation were probably never 
buried deeper than approximately1000 to 1500 ft (300 to 450 m) 
(Rose, 2016). 

The general paleogeographic history needs to be addressed, 
as it may have preconditioned the strata to weather to pulverulite 
rock and powder.  Following the deposition of Albian carbonates, 
a regional unconformity that separates Lower Cretaceous from 
Upper Cretaceous strata formed.  The lower part of the Upper 
Cretaceous section is dominated by deeper-water marine strata 
such as the Buda, Eagle Ford, and Austin chalks.  The upper part 
of the Upper Cretaceous is dominated by siliciclastics deposited 
in marine to subaerial environments.  For a general geological 
history of the area, see Rose (2016). 

The Edwards Plateau began to form during the Late Creta-
ceous while uplift related to the Laramide Orogeny started in 
West Texas and subsidence initiated in the ancestral Gulf of 
Mexico in the east (Ewing, 1991; Barker et al., 1994).  Related to 
the uplift of the Edwards Plateau, Upper Cretaceous and overly-
ing strata were eroded (Adkins, 1933; Kastning, 1981; Barker et 
al., 1994).  In the Junction area, the Albian strata are now ex-
posed.  Their exposure history dates back to at least the Miocene, 
if not much earlier (Caber, 2010).  During millions of years of 
exposure, Upper Cretaceous strata were eroded and Lower Creta-
ceous carbonate strata were highly karsted (Kastning, 1981, 
1984).  Also during this long history of exposure, the Kirschberg 
Evaporite Member dissolved in some areas; overlying strata  

Sample number Latitude Longitude Sample number Latitude Longitude 
1 N30°17.987' W99°32.644' 21 N30°18.142' W99°43.849' 
2 N30°18.548' W99°33.440' 22 N30°28.979' W100°03.560' 
3 N30°19.281' W99°34.283' 23 N30°28.962' W100°03.843' 
4 N30°20.218' W99°34.924' 24 N30°28.945' W100°04.043' 
5 N30°20.424' W99°35.064' 25 N30°27.913' W100°17.484' 
6 N30°20.880' W99°35.392' 26 N30°10.975' W100°41.298' 
7 N30°21.395' W99°35.673' 27 N30°07.196' W99°12.507' 
8 N30°22.976' W99°36.693' 28 N30°07.732' W99°13.333' 
9 N30°23.228' W99°36.875' 29 N30°.07.834' W99°13.543' 

10 N30°24.068' W99°.37.863' 30 N30°08.974' W99°14.020' 
11 N30°24.156' W99°38.471' 31 N30°10.539' W99°16.448' 
12 N30°24.174' W99°38.620' 32 N30°10.911’ W99°17.586' 
13 N30°25.820' W99°41.728' 33 N30°14.750' W99°26.613' 
14 N30°25.897' W99°41.924' 34 N30°16.481' W99°30.063' 
15 N30°27.094' W99°43.300' A1–2 N30°28.415' W99°45.072' 
16 N30°27.321' W99°43.453' B N30°28.380' W99°44.813' 
17 N30°28.395' W99°44.907' C N30°28.011' W99°43.796' 
18 N30°28.447' W99°45.232' D N30°24.016' W99°37.986' 
19 N30°28.409' W99°45.067' E N30°21.555' W99°35.805' 
20 N30°28.003' W99°43.802' F N30°20.980' W99°35.457' 

Table 1.  List of samples.  See Figure 1 for location map. 
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collapsed and resulting breccias were lithified (Fisher and Rodda, 
1969; Rose, 1972; Mueller, 1975). 

Carbonate strata on the plateau host the Edwards-Trinity 
Aquifer (Hopkins, 1995).  The groundwater table has fluctuated 
many times during the Edwards Plateau history, and formation of 
caves is common (Kastning, 1981, 1983; Ferrill et al., 2004; Ca-
ber, 2010).  In the area of investigation, the strata are well above 
the present water table.   

Because part of this investigation relates to recent weather-
ing, recent climatic data are relevant.  According to U.S. Climate 
Data (2017), the average annual temperature for the Junction  
area is 64.2°F (17.9°C) (average low is 48.5°F [9.2°C] and              
average high is 79.8°F [26.6°C]).  June, July, and August are                 
the hottest months and December, January, and February are                 
the coldest months.  Average temperature lows in Decem-          
ber and January are below freezing.  Snowfall averages 1 in                
(2.54 cm) per yr.  Average annual precipitation is 24.6 in (62.5 
cm).   

 
CHARACTERIZATION OF PULVERULITE  

Introduction to the Term Pulverulite 
The term pulverulent means “fine powder” and is a deriva-

tive of the Latin word pulverulentus (dusty) (Merriam-Webster 
Dictionary, 2017).  Shumard (1886) first used the term pulveru-
lite to refer to a limestone with the consistency of pulverized 
chalk (probably pulverulite rock).  As mentioned earlier, pulveru-
lite rock and powder in the Junction area (Fig. 3) can be dominat-
ed by calcite or dolomite (Rose, 1972; Mueller, 1975).  Most of 
the samples collected and emphasized in this investigation are 
dominated by limestone to dolomitic limestone (Fig. 4), although 
some dolomite-dominated samples were also analyzed. 

Pulverulite, with or without differentiation into rock and 
powder, has been mentioned a number of times in the literature.  
The two main origins of pulverulite are associated with sedimen-
tary rocks (e.g., Shumard, 1886; Blank and Tynes, 1965; Chafetz 
and Butler, 1980; Kolb, 1981; Jones et al., 1989; Mahler et al., 
1999; Hauwert, 2009; Kahle, 2012; Poros et al., 2013) and with 
volcanic rocks (e.g., Richards and Bryan, 1933; Blank, 1965; 
Martin and Malahoff, 1965).  Pulverulite associated with sedi-
mentary rocks is generally thought to be a weathering-alteration 
product (Fig. 5) (e.g., Rose 1972) related to dissolution and in 
some cases reprecipitation (caliche) (Blank and Tynes, 1965); 
Poros et al. (2013) concluded that in Triassic dolostones in the 
Buda Hills, Hungary, the powderization was associated with cry-
ogenic processes.  Most of the pulverulite examples in the litera-
ture are dolomite dominated (e.g., Chafetz and Butler, 1980; 
Jones et al., 1989; Hauwert, 2009; Kahle, 2012; Poros et al., 
2013). 

Several occurrences of pulverulized carbonates are also 
known from the subsurface, where laterally extensive pulverulitic 
zones are attributed to former subaerial exposure (regional karst-
ic) events (e.g., Fu et al., 2004; Ji et al., 2004; Machel et al., 
2012) and preserved during subsequent burial events.  A few 
smaller pulverulite bodies, in the close vicinity of structural ele-
ments, are interpreted to have been formed in the subsurface 
(e.g., Dewever, 2008). 

 
Description of Pulverulite in the Junction Area 
Pulverulite rock and powder occur in both the Fort Terrett 

and Segovia formations (Figs. 2 and 6) in the area of investiga-
tion, usually in microporous skeletal peloidal wackestones and 
packstones (Figs. 7A, 8A, and 9A).  Most pulverulite rock and 
powder follow the original horizontal bedding (Fig. 3A), but 

Figure 4.  XRD mineralogic anal-
yses of pulverulite powder.  
Powder shows two populations:  
one of a limestone precursor 
and one of a dolostone precur-
sor. 
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some form pods or lenses and subvertical pipes.  Hauwert (2009) 
noted that pulverulitic rock beds within the Kirschberg Member 
are visible in the walls of caves and in downhole videos of wells 
in the Central Texas area.  Cavers have also noted pulverulite 
powder on walls in Central Texas caves.  The senior author rec-
ognized transported pulverulite powder in Tertiary-aged 
paleocaves along Interstate 10 in the Sonora area. 

Pulverulite rock strata generally extend along the length of 
roadcuts (hundreds of feet) (Fig. 3A), but sometimes pinch out 
into less-weathered strata in one or both directions.  Pulverulite 
powder associated with these pulverulitic strata occurs where a 
lower recessive ledge formed (Fig. 3B).  Excavating back into the 
powder exposes firmer pulverulite rock. 

The mineralogy of pulverulite rock and powder in the area 
of investigation is mainly calcite, but some samples are dominat-
ed by dolomite (Fig. 4).  Pulverulite appears to be a product of 
limestone or very dolomitic limestone (Mueller, 1975).  Calcite-
dominated samples have up to 22% quartz and generally less than 
6% dolomite, as determined by XRD analysis performed by the 
Bureau of Economic Geology laboratory.  Dolomite-dominated 
samples also contain up to 22% quartz and up to 30% calcite.  In 
the parent rock, some of the dolomite rhombs are well zoned, and 
a few show minor dissolution of their cores (Fig. 7C and 7D).  In 
the slightly weathered dolomite-bearing rock, centers of the 
zoned dolomite are dissolved (Figs. 7B and 8C).  In other pulver-
ulite rock, dolomite crystals are totally dissolved, leaving rhom-
bic-shaped molds (Figs. 9A and 9B). 

Particles in pulverulite rock and powder range widely in 
size, generally between 1 and 10 µm (Figs. 3 and 9).  Some mi-
crocrystals may be up to 50 μm, but others can also be less than a 
micron.  Size distribution of the particles is generally very poorly 
to poorly sorted, but some are moderately sorted.  In pulverulite 
rock, crystals show light cementation, as indicated by interlock-

ing crystals (Fig. 9C), which are the result of competitive cemen-
tation among crystals competing for space.  Rare fossils—more-
robust shells such as oysters and echinoderm fragments—are 
preserved in the pulverulite rock (Fig. 9A).  Remnants of peloids 
are present as clusters of microrhombic calcite (Fig. 8B).  Some 
of these characteristics were also noted by other authors who 
studied this area (e.g., Rose, 1972; Mueller, 1975).  However, 
none of the earlier researchers suggested that pulverulite rock or 
powder were products of microcrystalline and microporous car-
bonate mud-rich strata, nor did they identify the stages of for-
mation. 

 
Paragenesis of Pulverulite Rock and Powder 

The transition from relatively-unaltered parent rock to pul-
verulite rock to pulverulite powder is a relatively simple process 
(Figs. 5 and 6).  The most important factor for the formation of 
pulverulite types investigated in the Junction area is the lithology 
of the parent rock, notably the presence of very porous micro-
crystalline limestone to dolomitic limestone (occasionally dolo-
stones) (Fig. 7).  The stages of pulverulite rock and powder for-
mation are shown in Figures 5 and 6 and described in the follow-
ing subsections. 

 
Relatively-Unaltered Parent Rock (Figs. 5–7) 

The lithology of the relatively-unaltered parent rock, a fine-
grained and microporous limestone, is the main controlling factor 
for the formation of pulverulite rock and powder.  Strata in the 
Fort Terrett and Segovia formations in the Junction area were 
deposited on a broad, shallow-water platform 100 mi (160 km) 
behind the Stuart City reef trend to the south (Fisher and Rodda, 
1969).  The depositional environments ranged from low-energy 

Figure 5.  Schematic illustrating stages of diagenesis.  The relative burial-history curve is also presented. 
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subtidal to moderate- to high-energy shoaling conditions in some 
areas.  The lime-mud-rich, low-energy carbonates are considered 
to have been composed of a mud mixture of calcite and Mg–
calcite with lesser amounts of aragonite.  This original mud mix-
ture is postulated on the concept that the Lower Cretaceous Albi-
an section was deposited during a Greenhouse time that favored 
lime mud of this composition (Sandberg, 1983; Volery et al., 
2009).  This composition of lime mud can produce very mi-
croporous lime wackestones and packstones upon early meteoric 
to shallow-burial diagenesis (e.g., Volery et al., 2009; Volery, 
2010; Loucks et al., 2013; Lucia and Loucks, 2013; Kaczmarek 
et al., 2015), as is well documented in the Middle East (e.g., 
Volery et al., 2009) (Fig. 10).  Some of these Middle East lime-
stones have porosities up to 40%.  The Junction area microporous 
wackestones and packstones have similar reservoir quality.  
Based on point counts of six samples, the parent limestone rock 
has ~17% porosity; when slightly altered, it has ~28% porosity, 
and the resulting pulverulite rock has 46% porosity.   

As the mud-matrix-rich sediments transformed to lime 
wackestones and packstones, the muds converted to a very po-
rous microcrystalline texture (Figs. 6 and 7).  Crystal size is vari-
able (generally less than 10 μm) and the crystals are moderately 
well cemented (Figs. 6 and 7).  Some initial dissolution of the 
microcrystals is noted.  Some coarser dolomite cement is present, 
incorporating mud-sized calcite crystals at its boundary (Fig. 7F).  
Rare fossil fragments are preserved (Fig. 7D).  According to 
Mueller (1975), some of these limestones were partly dolo-
mitized early in their history.  Few of the limestones were com-
pletely dolomitized.  Dolomite crystal sizes generally range be-
tween 40 and 50 μm.  Some dolomite is well zoned (Fig. 7C and 
7D) and displays dissolution that started in the crystal centers 
(Fig. 7B).  In effect, this type of parent rock is a microporous 
dolomitic limestone consisting of a porous microcrystalline cal-
cite matrix between dolomite crystals (Fig. 7B).  An equant, non-
luminescent calcite cement phase—precipitated in macrointerpar-
ticle and macrointraparticle pores—postdates replacive dolomite 

formation but predates dissolution of dolomite crystal cores (Fig. 
8A).  Calcite crystals, like dolomite rhombs, are commonly cor-
roded, resulting in the rounded shape of many crystals.  Minor 
amounts of clay are present and apparently encased in calcite 
crystals (Fig. 8E). 

 
Slightly- to Moderately-Altered Parent Rock (Figs. 5, 6, and 
8) 

Early weathering affected microcrystalline calcite crystals, 
equant calcite cement, and dolomite rhombs.  The microcrystal-
line calcite underwent some dissolution, as indicated by etched 
and pitted surfaces as well as dissolution between crystals (Fig. 
8).  Remnant crystal facies are preserved.  This stage of diagene-
sis produced a more porous rock texture through dissolution (Fig.  
8), which also dissolved cement, allowing the rock to become 
more friable. 

Some samples contain nanocrystals of calcite (e.g., Fig. 9F) 
ranging in size from 500 to 1000 nm, which appear to be on the 
surface of much larger crystals (Fig. 9F; tens of microns).  These 
nanocrystals—which contributed to the pulverulite powder—are 
possibly the product of weathering, where the larger microcrys-
tals underwent dissolution and thus provided the calcium car-
bonate for the nanocrystals. 

The zoned dolomite crystals display dissolved dolomite 
cores (Fig. 8C).  Such textures generally are the product of disso-
lution of more-soluble crystal cores relative to more-stable dolo-
mitic outer rims.  The rock remains relatively intact if the dolo-
mite forms a rigid interconnected framework; the hollow centers 
of the dolomite crystals do not significantly affect the rock’s me-
chanical stability (e.g., Fig. 7B). 

 
Intensely-Altered Parent Rock (Pulverulite Rock) (Figs. 5, 6, 
and 9) 

At an advanced stage of alteration, the rock becomes very 
friable and can be disaggregated by hand.  The microcrystalline 

Figure 6.  SEM images showing the transition from intact-host microporous parent limestone to slightly-altered limestone to 
very-altered limestone (pulverulite rock). 
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Figure 7.  Intact host rock.  (A) Microporous skeletal peloidal wackestone containing oyster fragment.  (B) Backscattered SEM 
image.  The microcrystalline calcite is light shaded and the dolomite is dark shaded.  In this sample, the dolomite forms the rigid 
framework.  Some dolomite cores show dissolution.  (C) Zoned dolomite crystals in peloidal packstone.  (D) Zoned dolomite 
crystals under UV light.  Same area as C.  (E) SEM image of rock chip.  The crystals and particles are well cemented and display 
well-developed crystal facies.  Some micropores are present.  (F) SEM image of rock chip.  Dolomite has incorporated micro-
crystalline calcite at its edge. 
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Figure 8.  Slightly-weathered host rock.  (A) Microporous peloidal wackestone showing dissolution (rounding of edges) of 
equant calcite (stained red) and dolomite crystal cores (stained blue).  (B) SEM image of rock chip.  Peloid composed of micro-
crystals.  Matrix shows solution of microcrystals and presence of micropores.  (C) Back-scattered SEM image.  The calcite is 
light shaded and the dolomite is dark shaded.  The microcrystalline calcite is very microporous.  The centers of the dolomite 
crystals show strong dissolution.  (D) Ar–ion-milled SEM image of slightly-rounded microcrystalline calcite with micropores and 
a crystal of dolomite showing grain-edge dissolution.  (E) SEM image of rock chip.  Microcrystalline calcite is cemented but po-
rous and displays some clay flakes.  The dolomite shows grain-edge dissolution.  (F) SEM image of rock chip. The microcrystal-
line calcite shows strong pitting of the surface.  Crystals are very irregular in shape. 
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Figure 9.  Very-weathered host rock (pulverulite rock).  (A) Very-weathered, microporous, skeletal peloidal wackestone contain-
ing echinoid fragments.  The former dolomite is now moldic pores.  (B) Thin-section photomicrograph of pulverulite powder in 
green UV light.  Bright green is pore space.  The microcrystalline calcite is very-weakly cemented.  The dissolved dolomite 
forms moldic pores.  (C) SEM image of rock chip. The nearly-loose microcrystalline calcite shows well-developed rounding and 
pitting.  (D) SEM image of rock chip.  Close-up of microcrystalline calcite.  No cementation is apparent, and the crystals are well 
rounded and pitted.  Some crystal faces are preserved.  (E) SEM image of rock chip.  Microcrystal of calcite shows strong disso-
lution.  The fine threads may be fungi.  (F) SEM image of rock chip.  Nanocrystals of calcite may be a product of dissolution and 
reprecipitation in the weathering zone. 
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calcite is much more rounded (Figs. 6, 9C, and 9D) by dissolu-
tion than the microcrystals noted in earlier stages of alteration.  
Surfaces of the crystals are densely pitted (Fig. 9D and 9E).  
Very little cement remains, and the grains are attached only at 
grain contacts (Fig. 9C).  Porosity is higher, presently ~46% as 
compared to ~17% in the unaltered parent rock.  Some of the 
original grains that transformed to microcrystalline calcite are 
still recognizable (Fig. 9A).  In some samples, the dolomite 
rhombs are totally dissolved, leaving rhombic-shaped moldic 
pores (Fig. 9A and 9B). 

 
Pulverulite Powder (Figs. 3 and 5) 

The powder is basically the final breakdown of very porous 
and friable pulverulite rock.  Calcite powder, nearly devoid of 
dolomite, is commonly associated with the limestone parent rock 
or with the slightly dolomitic parent limestone.  Dolomite pow-
ders are likely to form from a dolomite-rich parent rock but not 
necessarily pure dolostone (Mueller, 1975). 

 
Stable Isotope Data  

The stable isotopic compositions of bulk samples, containing 
only a calcite phase, were measured from all stages of alteration.  
The data form a commonly observed distribution typical for me-
teoric diagenesis (Lohmann, 1988), with negative oxygen and 
negative carbon isotope values, whereby the carbon isotope val-
ues display a much larger range (Fig. 11).  The δ18O composition 
ranges from -4.7 to -3.7‰ for most of the data.  The parent rock 
is less negative in δ13C composition (~0 to -4‰) compared to the 
powder samples (~-1 to -7.5‰).  The isotopic composition of the 
pulverulite rock samples falls between the unaltered rock and the 
powder samples, representing a transitional stage of disintegra-
tion from parent rock to loose powder.   

 
DISCUSSION 

Origin of Pulverulite Rock and Powder 
Stable isotopic data show that the alteration of the parent 

rock to pulverulite rock and powder happens in the meteoric dia-
genetic realm, which supports our interpretation that disintegra-

tion of the investigated carbonate rock is a subaerial, exposure-
related weathering process; our findings certainly fit with other 
observations that the pulverulite powder is related to exposure to 
an open environment such as a roadcut (Rose, 1972; Mueller, 
1975) or a cave passage (Mahler et al., 1999).  As noted earlier, 
the powder appears within a few years of the excavation of a 
roadcut.   

Pulverulite rock is a product of microporous limestones and 
microporous dolomitic limestones in the zone of weathering, as 
noted by the dissolution, pitting, and rounding of intertidal mi-
crocrystals.  The gradation along bedding from relatively unal-
tered microporous parent rock to highly altered pulverulite rock 
also supports the concept that microporous rocks can weather to 
pulverulite rock and powder. 

The simplest processes for producing breakdown to powder 
are the dissolution of the last of the calcite cement that barely 
holds the rock together or the mechanical impact of rain drops 
against friable rock.  Another possibility is cryogenic powderiza-
tion (Poros et al., 2013).  As recorded by U.S. Climate Data 
(2017), average temperature lows in December and January at 
Junction are below freezing, and freeze/thaw cycles could be 
produced within the rock face.   

At least one additional factor could have aided the formation 
of pulverulite rock and powder at Junction:  the force of calcite 
crystallization in the parent rock, driven either by cycles of wet-
ting and drying in the wet months of the year, or by localized 
reprecipitation of the carbonate that was dissolved “up-
stream” (i.e., near the entry points or areas of rain water).  Miner-
al expansion driven by wetting-drying cycles is a nearly ubiqui-
tous process recognized worldwide in the weathering of all sorts 
of rocks, perhaps best known from the weathering of buildings, 
monuments, and statues (e.g., Siegesmund and Snethlage, 2011).  
In the studied strata, newly formed calcite crystals are not                
uncommon; however, we have little petrographic evidence for 
the process, but the possibility of this crystallization being a        
contributing factor to pulverization cannot be ruled out.  The 
stable isotope data of the calcite samples—indicating precipita-
tion of calcite in the meteoric zone—are consistent with this  
alternative.  Also, Willis et al. (2001) documented many exam-
ples of calcification within the Edwards strata in the Junction 
area.     

Figure 10.  Examples of Middle East microporous limestones.  (A) Outcrop of a microporous limestone from the Natih Formation 
(Cenomanian to early Turonian) in Oman.  Notice that at this outcrop, the pulverulite power appears to have been dispersed.   
(B) SEM image of rock chip.  Sample is from the Mishrif Formation (Cenomanian to early Turonian) in Qatar (4675 ft [1425 m]).  
Microporous limestones, such as seen in this sample, are common reservoirs in the Middle East.  Both photographs are repro-
duced with the permission of Chadia Volery (left:  Volery [2010]; right:  Volery et al.  [2009]). 
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The surprising thing about the pulverulite powder is that it  
is not blown away, despite being so lightweight.  Photographs          
of similar microporous rocks in the Middle East show a thick 
microporous bed (pulverulite rock?) eroding back, but not exhib-
iting abundant, if any, pulverulite powder at its base (Fig. 10A).  
The difference between the two areas (Junction and Oman) may 
be that the Middle East climate is dry enough to keep the powder 
sufficiently loose to be dispersed by the wind, whereas the 
moister climate of the Junction area makes erosion of the powder 
by the wind more difficult.  However, it needs to be noted that 
researchers of this investigation did no fieldwork in the Middle 
East and that pulverulite powder may be present in other areas. 

 
Pulverulite Rock- and Powder-Related                    

Hydrocarbon Reservoirs  
The intense alteration (weathering) of microporous lime-

stones such as seen in the Junction area and in the Middle East 
(Fig. 10) (e.g., Volery et al., 2009) can produce a pulverulitic 
rock that may be preserved into the ancient record.  This highly 
altered rock texture would be an indication of subaerial or near-
subaerial exposure (in an active groundwater aquifer).  Deville de 
Periere et al. (2011), in a study of microporous limestones in the 
Middle East, classified porous micrites (microcrystalline parti-
cles) into four classes based on particle morphology.  Their class 
of microcrystalline particles that are rounded and very lightly 
cemented at grain contacts appears very similar to the rounded 
microcrystalline particles in the Junction pulverulite rock (Figs. 6 
and 9).  Deville de Periere et al. (2011) speculated that these 
Middle East microporous limestones may be the product, in part, 
of weathering at some point in their history.  Deville de Periere et 

al. (2011) reported that some of these microporous rocks are as-
sociated with major exposure surfaces and are very porous 
(>30% porosity). 

 An example (proprietary study; therefore, no name or loca-
tion can be provided) of relict pulverulite powder was noted in a 
lower Paleozoic, slightly dolomitic limestone at the top of a very 
porous weathered zone just beneath an unconformity (Fig. 12).  
Above the unconformity is a tight-sealing siliceous mudstone.  
The pulverulite powder is now well cemented but still porous 
(Fig. 12C–E), containing broken and weathered clasts of chert 
surrounded by patina rinds produced by weathering.  The pulver-
ulite powder shows a high degree of disruption by root mottling 
(Fig. 12A and 12B).  Thin sections contain weathered relict cal-
cite allochems and small root traces (Fig. 12B).  Abundant mi-
cropores in the relict pulverulite powder are evident from view-
ing blue-fluorescent-dyed thin sections with UV light under a 
petrographic microscope (Fig. 12C).  Ar–ion milled samples of 
the cemented pulverulite powder viewed under the SEM show 
interparticle pores that range in size from >1 to 10 μm (Fig. 12D 
and 12E) and have an intercrystalline shape, suggesting that the 
weathered particles acted as nuclei for calcite overgrowths (Fig. 
12E). 

Therefore, pulverulite rock with rounded and pitted 
(possibly obscured by cementation) microcrystals can be an im-
portant criterion for recognizing major exposure surfaces in mi-
croporous limestones.  Pulverulite rock and associated weathered 
rocks, because of their enhanced porosity compared to the un-
weathered parent rock, may be potential microporous reservoirs. 

 
CONCLUSIONS 

Pulverulite rock and powder are weathering products of 
microporous limestones and microporous dolomitic limestones 
(and occasionally dolostones) in the Central Texas area.  Similar 
rocks appear in the Middle East.  Pulverulite rock where still 
lightly cemented forms friable pulverulitic strata; where it breaks 
down into individual particles or microcrystals, it forms pulveru-
lite powder.  In the Central Texas area, the transition from intact, 
firm, microporous parent rock to pulverulite powder was well 
documented.  As weathering of the microcrystals proceeds, they 
become more rounded and pitted, and the mount of cement bind-
ing the microcrystals decreases.   

The transition from pulverulite rock to powder occurs where 
the rock is exposed to the open air—e.g., along a roadcut, an 
outcrop, or a large solution opening such as a cave.  The produc-
tion of pulverulite powder is very rapid (tens of years) and may 
be the product of the last stage of dissolution, or of mechanical 
processes such as raindrop impact, cryogenic powderization asso-
ciated with freeze/thaw cycles, or the force of recent crystalliza-
tion of calcite from dissolved carbonate in the weathering zone.   

Pulverulite rock and relict powder are important to recognize 
in the ancient record because they are evidence of subaerial 
weathering.  These rocks may form reservoir-quality strata be-
neath unconformities.   
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