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Introduction: We report rhyolitic (micrographic 

granite) rock clasts and SiO2 grains within a proto-brec-

cia clast of the meteorite Northwest Africa 8171 (NWA 

8171), a paired stone with Martian regolith breccia 

NWA 7034 [1,2]. Proto-breccia clasts [3] are chemi-

cally and structurally well separated rock fragments 

showing a brecciation history prior to incorporation into 

the final regolith breccia. The rhyolite clasts and quartz 

grains found in this work exclusively occur within a 

large Mg-poor proto-breccia clast PBC-01. 

Sample: NWA 8171 is paired with the Martian reg-

olith breccia NWA 7034 [1]. The sample studied is a 

polished thick section with an analyzable surface of 

70±5 mm2. Small zircon crystals (<5 µm) occur within 

one of the rhyolite clasts, permitting U-Pb dating (cf. 

[2,4]). 

Methods: For this study, the sample has been ana-

lyzed with reflected light microscopy, SEM, Raman, 

EPMA and SIMS. Reflected light microscopy was used 

to create a detailed map of the sample which served for 

textural analysis and orientation during the use of other 

techniques. SEM (JEOL JSM-6490 in the Department 

of Geosciences at Frankfurt University) was used for 

BSE imaging and semiquantitative EDX analysis with 

15 kV acceleration voltage. The sample was carbon 

coated prior to SEM analysis. Raman measurements 

were performed to collect structural information about 

phases with a focus on pure SiO2-phases within the rhy-

olite clast. EPMA was used for X-ray mapping and 

WDX point analysis using a JEOL Hyperprobe JXA-

8500F at Hawai‘i Institute of Geophysics and Planetol-

ogy, University of Hawai‘i, operated at standard mode 

for silicate element analysis. In situ U-Pb dating of zir-

con within the larger rhyolite clast was done by SIMS 

using a CAMECA IMS 1280-HR at Institute of Earth 

Science at Heidelberg University. Prior to SIMS meas-

urements the sample was cleaned and gold coated. The 

beam diameter was tuned to a spot diameter of 5 µm, 

commensurate to the dimensions of the zircon crystals. 

Otherwise the instrument operation was as described in 

[5]. 

Results: The surface of the sample largely consists 

of two different, continuous areas (lithologies). One 

area, comprising approximately 70% of the surface, is 

similar to the typical groundmass of the NWA 7034 me-

teorite suite and contains clast types similar to those de-

scribed in previous studies [1−3, 6−8]. This includes 

crystal clasts, igneous rock clasts and lithologies de-

scribed as proto-breccia clasts, which “likely represent 

fragments of a breccia that existed prior to the assembly 

and lithification of NWA 7034” as described in [3].  

The second area, comprising approximately 30% of 

the analyzable surface, is a single proto-breccia clast 

PBC-01 (Fig. 1). The groundmass of this clast is distinct 

from the typical NWA 8171 groundmass in its chemical 

composition and texture. 

Figure 1: Composite X-ray map (reg = Mg; green = 

Ca; blue = Al) map of the thick section, showing the 

proto-breccia clast (PBC-01, blue area) on the right. 

Chemically the groundmass is depleted in Mg compared 

to that of the first area, and texturally resembles a rap-

idly crystallized melt with intergrowth of acicular pla-

gioclase and Ca-poor pyroxene with finely interspersed 

iron oxide and apatite (Fig. 2). The proto-breccia 

groundmass hosts larger crystal clasts, glassy melt 

shards (very similar to the melt shards described from 

[6]), clump-aureole structures as described in [8] and a 

low number of igneous rock clasts.  

Two detected igneous rock clasts within the proto-

breccia (clast8 and clast9) are of rhyolitic composition 

and texturally resemble a micrographic granite. A simi-

lar texture is described as micrographic by [9,10] for 

granitic/rhyolitic melt pockets within the shergottite 

NWA 6963. Additionally, SiO2 grains are present 

within PBC-01 as single crystal clasts. 

The sizes of the rhyolitic rock clasts (220×110 µm 

for clast8 and 30×20 µm for clast9) are small compared 

to other igneous rock clasts detected within the typical 

groundmass of the meteorite or described by others 
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[e.g., 6]. Due to its larger size we focused on clast8 for 

further studies. 

Clast8 (Fig. 2) consists of potassic feldspar which 

forms micrographic intergrowths with quartz. The feld-

spar shows perthitic texture (An11Ab82Or7- 

An0Ab27Or73). Chlorapatite needles are present within 

the clast, sometimes intersecting quartz-feldspar grain 

boundaries. One euhedral magnetite grain is present, 

hosting small ilmenite crystals. Three zircon crystals 

were identified within clast8 and used for U-Pb dating. 

A Plagioclase (An26Ab71Or3) grain adjacent to the clast 

(Fig. 2) shows dissolution features at grain surfaces ex-

posed to the proto-breccia groundmass. This plagioclase 

crystal lacks any intergrowth with quartz and internal 

exsolution features and, thus, is not considered as a part 

of the rhyolitic clast. 

Figure 2: BSE image of clast8 within the typical 

groundmass of the proto-breccia clast. qz: quartz, fsp: 

potassic feldspar, apt: chlorapatite, zr: zircon, mag: 

magnetite, plg: plagioclase, cpx: clinopyroxene.  

Raman measurements of clast8 show that SiO2 is 

present as α-quartz and not as silica glass or tridymite. 

U-Pb dating of three zircon grains (Fig. 3) yielded two 

points which form a discordia with upper and lower in-

tercepts at 4289±970 Ma and 1397±410 Ma (2σ error), 

respectively. These ages resemble the data of [4] and 

[2], who reported discordant upper intercepts of 

4333±38 Ma and 4428±25 Ma and lower intercepts at 

1434±65 Ma and 1712±85 Ma, respectively. The third 

zircon of clast8 plots off that discordia with lower 
206Pb/238U and 205Pb/235U values, and was likely a crystal 

affected by a late Pb-loss event at <<1500 Ma. 

Within the proto-breccia clast, 12 individual SiO2 

grains were counted with diameters between 40 µm and 

170 µm and there are numerous below this size. Raman 

measurements were not performed on these grains, so 

phase information is lacking. The grains are mostly 

rounded, with only few showing angular grain shapes. 

Fractures are commonly present within the grains, and 

some are filled with melt from the proto-breccia ground-

mass. The largest grain exhibits strong most likely high 

temperature hydrous alteration leading to a high poros-

ity and the formation of pyroxene. 

Figure 3: Wetherill concordia diagram with zircon 

analyses (z1, z2, z3) from clast8. Z1 and z2 form a dis-

cordia (straight line, with 1σ errors as dashed lines) in 

agreement with data of previous studies, indicated as 

open data points in red after [4] and gray after [2]. 

Discussion: Rhyolitic igneous clasts and SiO2 

grains are present within lithology PBC-01 that existed 

prior to the assembly and lithification of the NWA 7034 

regolith breccia. The most parsimonious explanation for 

the U-Pb isotope data of the three zircon crystals (z1, z2 

and z3) present in the rhyolite clast8 is that z1 and z2 

plotting on a similar discordia as previously measured 

zircons [2,4] reflect ancient zircon crystallization at 

4289±970 Ma with subsequent Pb-loss at ca. 1500 Ma. 

Zr3 plotting off this discordia would have experienced 

Pb-loss during a much younger event, perhaps during 

the formation of the proto-breccia. Furthermore, the co-

occurrence of SiO2 grains and rhyolitic clasts exclu-

sively within the proto-breccia clast might suggest that 

they are erosional products of a highly evolved mag-

matic lithology which was present on early Mars and 

became part of the regolith from which the proto-brec-

cia formed. In a later step, clasts of the proto-breccia 

were embedded into the NWA 7034 regolith breccia 

during lithification. 
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