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Boulders are a ubiquitous but often neglected feature present on silicic lava flows and domes. As part of an 
analysis of the emplacement history of silicic extrusions, we determined boulder size distributions on young lava 
flows and studied the development of boulders on the active Mount St. Helens and Mount Unzen lava domes. 
We find measurable variations in average boulder size across a single extrusion and between different extrusions 
that are related to changes in emplacement conditions during eruption and flow emplacement. 

Field Areas: The Inyo Dome Chain and Medicine Lake Highland Volcano: Our study concentrates on 
two large eruptive centers in California. The Medicine Lake Highland volcano contains several rhyolitic and 
dacitic lava domes with volumes ranging from <3000 m3 to >1 km3 [1,2]. Many of the domes have no vegetation 
present on their surfaces and have been emplaced within the past 10,000 years [2]. The Inyo dome chain consists 
of 5 rhyolitic domes erupted along an en echelon dike [3]. Obsidian, Deadman, and Glass Creek domes were 
erupted 550-650 years ago with volumes ranging from 0.04 km3 to 0.3 km3 [4,5]. 

To examine flow surface variability for interpretation of planetary analogs, we constructed morphological 
maps of each extrusion from aerial photographs. In addition to mapping all large-scale features, we found that 
silicic lava flows exhibited three distinct surface units; ridged, jumbled and vent [6]. Vent areas typically show 
extreme topographic variations and large spines. Jumbled areas contain large blocks but exhibit subdued 
topography, and in several areas appear to represent transitional regions between the vent and ridged terrains. 
Compressional ridges dominate the final morphologic area. We then measured boulder sizes along perpendicular 
25 m transects within each morphological unit. We placed a taut line across the flow surface and then measured 
the chord length of the boulder cut by the trace of the line. This is similar to the method used to measure bubble- 
size distributions in igneous rock thin sections, and provides a valid measure of size distribution if the item does 
not exhibit any preferred orientation [7]. We measured all chord lengths exceeding 12 cm, and also recorded the 
length of transect comprised of material finer than 12 cm. The largest boulders were found primarily in vent 
regions, with averages sizes ranging from 25.6 - 105.3 cm, followed by jumbled (29.1 - 84.0 cm) and ridged areas 
(22.1 - 42.1 cm). We measured gradually decreasing average boulder sizes outward from the vent on several 
flows, and found no systematic change in the amount of fine material ( 4 2  cm) with position on the flow. 

Processes Controlling: the Size of Primary Boulders: In order to delineate the factors controlling lava flow 
boulder-size distributions, we must f rs t  consider the processes that produce and degrade individual boulders. We 
have not found any evidence, other than the presence of small agglutinous zones at Glass Mountain, that suggests 
accretion is an important boulder-forming process. Primary silicic boulders must therefore form in the vent area 
where surface material cools, forms a crust, and fractures. Thus, our measurements of boulder sizes in vent 
regions show the size range of primary blocks created only during the final stages of extrusion. Although most 
vent areas contain relatively large average boulders, some vents clearly produce predominantly small boulders. 
The data from Glass Mountain, for example, show a small average block size compared to vent areas on other 
flows, with little difference between the average vent values and those from distal flow regions. 

Since our vent data show that the average primary block size can vary substantially, we turn to studies of 
the Mount St. Helens dome to determine the factors controlling average block size. Although measuring boulder- 
sizes during an eruption is generally not possible, one can make qualitative assessments of surface morphology 
through careful inspection of photographs taken during emplacement. Anderson and Fink [8] determined the 
eruption conditions present during each extrusion at Mount St. Helens and compared these data to the surface 
texture of the resultant flow. Individual dome lobes produced from 1980-83 were emplaced with relatively high 
extrusion rates compared to those emplaced after 1983. The flows produced during the pre-1984 period had 
surfaces consisting of many small, highly vesicular boulders whereas post-1984 flows displayed larger, smoother 
slabs typically associated with crease structures [I]. We suggest that the high strain rates associated with rapid 
extrusion causes great degradation of the rigid crust in the vent region, resulting in small primary boulders. 

However, there appears to be a limit where increased extrusion rate is incapable of producing smaller primary 
boulders. We suggest this limit is reached when the strain rate of the flowing lava is sufficient to inhibit the 
formation of a rigid crust. These conditions apparently exist during high-velocity channel flow of basaltic lava. 
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Analog experiments using polyethyelene glycol to model lava dome growth also show that high extrusion rates 
(or very low cooling rates) restrict crust formation until the flow front is a great distance from the source [9]. 
These high flow rates are generally inapplicable to most silicic flows, but cannot be ruled out for some older 
spatter-fed rhyolite flows in the western U.S. [lo] or on other planetary bodies. 

Although surface boulders are initially formed in the vent region, new blocks can be added downslope 
through several processes. First, crease structures form as portions of the flow surface spread laterally, exposing 
large, smooth fracture surfaces that break apart from strain accumulated during continued flow [I]. In addition, 
we have observed dense flow-interior material exposed at ridge crests presumably through compressional folding. 
Finally, Fink and Manley [5] demonstrated that new lava may be added to the surface if a low density interior 
zone rises diapirically. Compressional ridges, crease structures and diapirs typically dominate the distal portions 
of flows and domes. 

Boulder Degradation D u r i n ~  Transport: Primary boulders created in the vent region or added to the flow 
surface downslope may experience fragmentation during surface flow, cooling, and lava vesiculation. Anderson 
and Fink [ l ]  noted that active crease structure walls break into smaller blocks as stress accumulates during surface 
flow. At the Mount St. Helens dome, several active lobe surfaces fragmented during vesiculation of near surface 
lava to form a blocky, frothy carapace [I]. In addition, thermal contraction may account for some of the fracturing 
involved in block formation as suggested for the collapse of originally intact spines at Mount St. Helens [ l l ] .  

Variations in Averape Boulder Size: Evidence from Observations of Active Silicic Extrusions: Many 
silicic extrusions show a gradual decrease in average boulder size outward from the vent [6]. These trends may 
reflect a gradual degradation of boulders through mechanical and thermal fracturing. Evidence for this process 
is found in observations of textural development and field inspection of the Mount Unzen composite dacite dome 
in Japan. Several sequences of photographs from growing lobes show large slabs always present in the vent area 
with smaller blocks outward. Alternatively, decreasing boulder size outward from the vent may arise from changes 
in eruption rate during extrusion where high flux produces small boulders during the early stages of extrusion and 
low flux results in large vent blocks as the eruption wanes. This process was observed at Mount St. Helens where 
large boulders formed over the vent in the fmal stages of extrusion [I]. 

Clearly, both increased fragmentation downslope and changes in eruption rate can account for the observed 
decrease in average boulder size outward from the vent. Both processes could occur during the emplacement of 
a single extrusion, although delineating the dominant process is not straightforward. Fully emplaced flows with 
little variation in block size from the vent outward, such as at Glass Mountain, probably reflect constant extrusion 
rates with an abrupt termination to extrusion so that large blocks never form in the vent. Fully emplaced flows 
with large vent and smaller distal blocks could arise from decreased extrusion rate during flow, 
thermaVrnechanica1 fracturing downslope, or both. 

Active extrusions that exhibit decreasing boulder-sizes outward from the vent, such as at the Mount Unzen 
dome, where large boulders are evident in the vent area during all stages of extrusion clearly originate from the 
degradation of the originally large blocks during downslope flow. Alternatively, an active flow producing only 
small vent boulders in the early stages of extrusion may produce large boulders near the termination of extrusion 
if the extrusion rate gradually wanes. This sequence of events occurred during several dome growth events at 
Mount St. Helens [I], and thus may be reliable indicator of the cessation of extrusion at other lava domes as well. 

Conclusions: This work may have implications for the study of planetary lava flows. We suggest that the 
process affecting the formation and degradation of boulders should act on any planetary body where conditions 
favor the formation and subsequent strain of a brittle crust. However the timing and magnitude of crust formation 
and disintegration will be affected by the ambient conditions present during extrusion, and therefore influence 
the boulder-size distributions. With the past use of Magellan SAR at Venus and the future use of high-resolution 
cameras of the Mars Global Surveyor mission, boulder-size distributions may be inferred on other bodies, thus 
giving clues to their complex emplacement histories of planetary lava flows. 
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