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Friction marks on blocks from pyroclastic flows at the Soufriere Hills volcano, Montserrat:
Implications for flow mechanisms: Comment

Figure 2. Schematic drawing of blocks moving in a flow
prior to collision (left). Resulting friction marks: (A) as ob-
served at Merapi, (B) as suggested by Grunewald et al.
(2000), and (C) as expected for the Grunewald et al. model
and observations by Morrow and Byerlee (1989). Note dif-
ferent grain-size grading in (B) and (C); thick black lines
represent pseudotachylite.

Figure 1. MgO vs. SiO2, Al2O3 and CaO of whole rocks, melt inclu-
sions and ground mass. Arrows indicate trends of magmatic evo-
lution. Compositional fields of pseudotachylites overlap for all el-
ements with the whole rock samples, indicating pseudotachylite
formation by bulk melting.
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We congratulate Grunewald et al. (2000) on their very detailed
study of pseudotachylite-bearing friction marks on andesitic blocks from
block-and-ash flow deposits of Soufriere Hills volcano, Montserrat. Their
observations contribute substantially to the current discussion on flow
models of block-and-ash flows. In a contemporaneous study at Merapi
volcano, we (Schwarzkopf and Schmincke, 2000; Schwarzkopf et al.,
2001) observed the same type of structures on block surfaces of the
1998 block-and-ash flow deposits and came to similar conclusions with
respect to flow mechanisms. Two aspects concerning the formation of
pseudotachylites from Merapi volcano are, however, not fully in accor-
dance with the model presented by Grunewald et al. (2000).

Grunewald et al. argued that the compositions of lava blocks, flow
matrix, and pseudotachylites indicate that the latter had been generated by
flash melting of flow matrix trapped between shearing large blocks, rather
than by melting of the blocks themselves. Their interpretation is based on
lower SiO2 and higher Al2O3 and CaO in pseudotachylites and the flow
matrix compared to bulk rocks, showing no compositional overlap of pseu-
dotachylite glasses with whole rock data. Our results from Merapi clearly
indicate bulk melting of the blocks on impact, however. All major elements
listed above were found to show a striking overlap of pseudotachylites
and whole rock compositional fields for Merapi andesites (Fig. 1).

In addition to the chemical similarities, we observed a gradual
decrease in grain size within cataclastic layers toward the glassy pseu-
dotachylite in the friction marks from Merapi (Fig. 2A). We interpreted
this gradation to reflect increasing fragmentation or comminution from
the host rock toward the pseudotachylite; this allows the inference that
deformation rates were at a maximum at the very outer layer, merging
into a zone of bulk rock remelting. This grading clearly resembles the
marks from the Soufriere Hills (Grunewald et al., 2000, their Fig. 4).
Assuming the Grunewald et al. model of matrix melting to be correct
(Fig. 2B), the observed grain-size grading is not consistent with ex-
periments by Morrow and Byerlee (1989). These authors performed
frictional sliding experiments on granite samples with a 3-mm-thick
layer of artificial fault gouge in between and observed that uncrushed
particles are concentrated near the center of the gouge zone with finely
fractured particles aligned at the sides adjacent to the granite interfaces
(Fig. 2C). Such textures were not observed in marks either at Soufriere
Hills (Grunewald et al., 2000) or at Merapi.

Combining the chemical and textural evidence, we suggest that
pseudotachylites in block-and-ash flows are more likely to form by
bulk melting of blocks on impact than by flash melting of flow matrix
trapped between blocks. Although the latter mechanism may contribute
to the produced pseudotachylite melt, we do not consider flow matrix
melting as the major mechanism.
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