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1.0 Summary 

 In August 2015, we re-surveyed the tephra layer deposited during the 1980 eruption 

of Mt St Helens, and compared our findings with measurements made shortly after 

the eruption; 

 Tephra layers were found on all the undisturbed sites that we investigated; 

 The degree of preservation was very high: the thickness/mass loading of the layer 

was comparable to (or even exceeded) the values recorded shortly after the eruption; 

 The broad pattern of tephra thickness/mass loading matched that recorded in 1980; 

 Tephra layer thickness did not vary with slope position in the Ritzville area; 

 Unexpectedly, tephra layer thickness in the Ritzville area did not vary with vegetation 

type, either; 

 Biocrusts can rapidly stabilise tephra layers. 

 

2.0 Introduction 

Layers of tephra preserved in soils are frequently used in the reconstruction of past volcanic 

eruptions. For example, isopach maps derived from tephra layers may be used to estimate 

the total volume of pyroclastic material erupted, as well as its spatial distribution. This 

approach is premised on several assumptions about the ways in which newly-deposited 

tephra are translated into the sedimentary record. However, this process is poorly 

understood: in many cases, it is not clear how representative ancient tephra layers are of the 

initial deposit. One way to address this knowledge gap is to record characteristics (typically 

thickness and mass per unit area) of a tephra layer and to compare this record with the same 

measurements made shortly after an eruption. In this way, it should be possible to calibrate 

the degree of transformation that a tephra deposit undergoes as it is translated into the soil. 

We undertook a survey of this type in August 2015, focussing on the tephra layer deposited 

during the 1980 eruption of Mount St Helens, Washington, USA. 

 

We selected Mt St Helens because the 1980 eruption has been studied in great detail. 

Crucially, records of initial tephra depth are available. The eruption is sufficiently recent that 

many of the original researchers who monitored the 1980 event are still active, but 

sufficiently distant in time that the tephra should be completely incorporated into the soil. 

 

The objectives of our study were as follows: 

1) To record the thickness and mass/unit area of the tephra layer originating from 

the 1980 eruption of Mount St Helens; 

2) To compare our measurements with initial tephra depth and mass loading, as 

recorded by researchers from the US Geological Survey (USGS) shortly after the 

eruption; 
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3) To assess whether tephra layer thickness within a site was influenced by slope 

position and vegetation type. 

 

Hypotheses: 

H1: The 1980 tephra layer would be thinner than the initial deposit due to compaction 

and the loss of material due to reworking by wind and water; mass/unit area 

would be lower due to losses. 

H2: Tephra layer thickness would vary according to vegetation cover, with the highest 

levels of tephra retention in the areas of densest vegetation1. 

H3: Slope position would not influence tephra layer thickness where slopes and initial 

deposit depth are moderate. 

 

2.1 Studies of tephra deposition conducted immediately after the eruption 

An important part of our trip was a meeting with Dr Richard Waitt (USGS), who was part of 

the team that surveyed the tephra deposits shortly after the 1980 eruption. Some key points 

were raised in our discussions: 

 

1: Samples were collected from surfaces that were generally free of ground litter or 

dust prior to the eruption – from vehicles, shed roofs, and other artificial surfaces; 

measurements in forested areas were not taken from under the forest canopy. 

2: The thickness values used to generate the isopach maps in contemporary 

reports were single measurements, not mean values from replicated samples. 

3: Sample locations were chosen haphazardly, using qualitative criteria (i.e. they 

were ‘representative’, rather than systematic). The precise location of sampling 

points is contained in field notes and maps (to which we do not currently have 

access). Consequently, it was not possible to exactly replicate the original 

sampling exercise during our fieldwork. 

 

3.0 Methods 

 

3.1 Sampling locations 

Measurements were made in the Gifford Pinchot National Forest (GPNF), proximal to Mt St 

Helens, and around Ritzville, WA (Fig. 1). We chose areas where the initial deposit thickness 

was moderate (~5 cm), i.e. locations where the ash-fall would not be expected to obliterate 

vegetation. The two sampling locations had contrasting vegetation types. The proximal 

location was characterised by closed coniferous forest, composed primarily of hemlock 

(Tsuga sp.) and Douglas fir (Pseudotsuga menziesii) (Fig. 2a). We surveyed old growth 

forest sites i.e. the trees on the sites would have been mature at the time of the 1980 
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eruption. The distal location was characterised by shrub/grassland dominated by sagebrush 

(Artemisia sp.) (Fig. 2b). The sagebrush sites we surveyed had patchy vegetation: the areas 

between sagebrush/grass patches often lacked vascular plants. Instead, these apparently 

bare areas were covered with a thin (~0.3 – 2.5 cm) biological soil crust (biocrust) composed 

of mosses, lichens and, presumably, microorganisms such as fungi and cyanobacteria (Fig. 

2c). 

 

 

 

Fig. 1: Location plan, showing the proximal (forest) and distal (sagebrush) sampling areas in relation 

to Mount St Helens. The contours indicate the thickness of the tephra produced in the May 18 

eruption; thicknesses are in centimetres. Adapted from Sarna-Wojcicki et al. 2. 
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Fig. 2: Field sites showing a) a typical sampling location in the Gifford Pinchot National Forest. The 

trees are mainly mature Douglas fir (Pseudotsuga menziesii); b) a soil section from the forest: the off-

white tephra layer sits on a reddish-brown layer of decayed wood (the 1980 forest floor) and is 

covered by a few centimetres of organic material; c) sagebrush (Artemisia sp.) vegetation close to 

Ritzville, WA; d) a soil section from the Ritzville area, showing the white 1980 tephra capped by a thin 

biocrust (the orange colouration on the ground surface is a moss). Note the sharp contact with the 

underlying silty soil. 

 

3.2 Surveys in Gifford Pinchot National Forest 

Although it was not possible to exactly replicate the original study, we surveyed tephra layers 

along two transects established in 1980 (designated B-B’ and C-C’ in Waitt & Dzurisin 3: see 

Fig. 3). The transects ran approximately north-south, perpendicular to the main axis of the 

May 18 eruption plume. We sampled haphazardly, selecting sites in areas of mature forest 

within 100 m or so of the road at approximately 3 km intervals, where practicable (note that in 

the original survey, Waitt sampled open areas immediately adjacent to the road). We 

surveyed 20 sites in total. At each sampling site, we opened three shallow pits, 

approximately 20 cm wide and 30 cm deep and recorded a) total tephra thickness and b) the 

thickness of each unit within the tephra layer (where it was possible to distinguish such 

features) following the nomenclature outlined in Waitt et al. 3. We also collected tephra 

samples from nine sites (8, 9, 11-16, 18) to calculate mass loading figures (i.e. mass of 

tephra per unit area). In each case, we cut a 25 x 25 cm square section into the soil with a 

carving knife, removed the forest duff and soil overlaying the tephra layer, and carefully 

removed the tephra down the level of the 1980 forest floor. The tephra was bagged and 



 6

processed in the laboratory, where we conducted loss on ignition (LOI) analysis to establish 

proportion of minerogenic material present. In addition to tephra layer thickness, we also 

recorded the diameter of the largest trees adjacent to the pits, understory vegetation cover 

and the thickness of soil/litter cover. 

 

3.3 Surveys around Ritzville 

We identified seven sites on an east-west line parallel to the I-90 just to the west of Ritzville. 

The sites were all within a few metres of a road, beyond the zone disturbed by traffic and 

routine road maintenance. The survey of tephra layer thickness was similar to that 

implemented in the forest site i.e. three small pits were opened on each site and total tephra 

layer thickness in each pit was recorded. All the pits were in flat, open areas between 

vegetation patches and most were covered by a biocrust (we recorded biocrust thickness in 

each pit). Mass loading samples were collected from five sites. On three sites (1, 2 & 4), 

mass loading samples that comprised both the tephra and the under-lying biocrust were 

collected in addition to pure tephra samples. One sample of each type was subjected to LOI 

analysis. 

 

As well as recording tephra layer thickness, we also conducted surveys to investigate 

whether tephra thickness varied with a) slope position and b) vegetation type. To establish 

the impact of slope position, we set up transects along two short (3 – 4 m relief) slopes. We 

opened a small pit every few metres from the base to the crest of the slope (seven pits on 

one slope and six on the other) making three measurements of tephra thickness in each pit. 

The influence of vegetation cover was assessed by recording tephra thickness under 

sagebrush bushes (n = 15), grass cover (n = 12) and biocrust (n = 18) on two sites. 

 

4.0 Results 

 

4.1 Forested areas (GPNF) 

Tephra layers were found on all the survey sites (Fig. 3) and in many cases the deposits 

could be divided into distinct units based on grain size and/or colour (Fig. 4). The occurrence 

of each unit was consistent with distributions outlined in Waitt & Dzurisin’s 3 study. Broadly 

speaking, tephra thickness varied predictably along transect C-C’ i.e. the values were lowest 

toward the margins of the fallout zone (where the layer became increasingly patchy) and 

thickest towards the centre (Fig. 4). The pattern for transect B-B’ was less clear, as there 

were fewer sites. There was a thick layer of apparently re-worked tephra on site 3, and unit B 

was missing (or not spotted) on site 4. 
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The tephra layers were close to the surface: most were only covered by a layer of organic 

material 1-5 cm thick. The contact with both the surface layer and under-lying level of the 

1980 forest floor was generally sharp. In many pits, decayed timber from before the eruption 

was clearly visible at the base of the tephra deposit. Surprisingly, the tephra layers that we 

measured in the forested areas appeared to be thicker than nearby measurements made in 

1980. 

 

LOI analysis indicated that the tephra samples from the GPNF contained an appreciable 

quantity of organic material/moisture (mean = 10.8 ± 1%). To calculate mass loading, the 

mass of the tephra samples was multiplied by 0.89 account for organic content. Calculated 

mass loadings ranged from 1.6-10.3 g cm-2. The highest mass loading was recorded close to 

the main axis of the eruption plume (i.e. where Waitt & Dzurisin’s transect AA’ intersects CC’: 

Fig. 3). Mass loadings decreased with distance from the plume axis (Fig. 5). 

 

4.2 Sagebrush areas (Ritzville) 

Tephra layers were also found on all the sagebrush sites. The tephra layer was usually just 

below a thin (0.3 – 2.5 cm) biocrust. The layers were uniformly fine and white (Fig. 2c). Both 

the top and bottom surfaces of the layer were sharply defined in most cases. Mean layer 

thickness was 3.4 cm ± 0.2 cm (Fig. 6). For comparison, a value of 4.2 cm was recorded at a 

nearby location in 1980. There was no systematic variation in thickness along the east-west 

transect line. 

 

Tephra thickness did not vary significantly with slope position (Fig. 7), nor did it vary with 

vegetation type (Fig. 8). The primary difference according to vegetation type was that a thin 

litter/soil layer was present on top of the tephra under sagebrush/grass cover but absent (or 

incorporated into the biocrust) elsewhere. The tephra layer was also more variable under 

sagebrush (Fig. 7). 

 

LOI analysis on a single sample from the Ritzville area indicated that the proportion of 

organic material/moisture was 7.7%. Like the GPNF samples, the tephra samples were dry 

when they were collected. 
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Fig. 3: Map of mean tephra thickness (n = 3 for each site) in Gifford Pinchot NF. Each sampling location is indicated with a red dot; thicknesses (bold figures to one 

decimal place) are in centimetres. Sections A-A’, B-B’ and C-C’, first surveyed by Waitt & Dzurisin 3, are overlaid for reference. Sites numbers are indicated in white 

squares (the sites were numbered sequentially along transects). 
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Fig. 4: Average 1980 tephra depths for each site surveyed in the Gifford Pinchot NF (site numbers are given below each section). The sites have been projected 

onto Waitt & Dzurisin’s B-B’ and C-C’ section lines and the tephra units follow their nomenclature 3. The position of section A-A’ (which approximates the axis of 

maximum tephra thickness) is shown in each case. 
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Fig. 5: Tephra mass loading along Waitt & Dzurisin’s C-C’ section line (GPNF). The red line indicates 

the intersection with Section A-A’ (which coincides with the plume axis). The numbers on the plot refer 

to sampling locations. 

 

 

Fig. 6: Mean thicknesses (n = 3 for each site) of the 1980 tephra layer to the west of Ritzville, as 

measured in August 2015. Note that thicknesses are in mm. 
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Fig. 7: Average tephra thickness with slope position on two sites near Ritzville. The vertical axes of the 

slope profiles have been exaggerated by a factor of two. 

 

 

 

Fig. 8: Variation in tephra depth under the three main vegetation types in the sagebrush steppe. 
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5.0 Discussion 

 

5.1 Comparison of findings with 1980 measurements 

We could not precisely identify the original survey sites; indeed, it is probably not possible to 

replicate the original survey, given the sampling criteria used in 1980 (the sites chosen were 

often transient, and certainly not conducive to the preservation of tephra layers). However, 

some of our sites were close to those that formed a part of Sarna-Wojcicki et al.’s immediate 

post-eruption survey 2 and we were able to make rough approximations from the 1980 survey 

notes and isopach maps. 

 

5.1.1 Tephra layer thickness 

Our measurements of tephra layer thickness suggested that the preservation of the 1980 

MSH layer was remarkably good. The tephra layer was found on all the undisturbed sites 

that we investigated, and the thickness of the layer was generally comparable to the values 

recorded shortly after the eruption. For example, mean tephra thickness in the Ritzville area 

was about 75% of the 1980 figure of 4.2 cm. In the GPNF, the thickness of the layer 

appeared to exceed the 1980 measurements in most cases. 

 

The layer thicknesses recorded in the GPNF seemed anomalously high: the tephra layers on 

all but one of our sites were thicker than those recorded in 1980. This suggests a) rapid and 

near-complete stabilisation of the tephra, with little compaction and/or b) the addition of 

further tephra after first measurements were made. Further tephra may have been added to 

the 1980 layer after the May 18 eruption, as there were subsequent tephra-producing 

eruptions. The plume from one of these eruptions (22 July) was blown eastwards and may 

have added a few centimetres of tephra to the 18 May deposit 4. Furthermore, it is possible 

that tephra from the 18 May eruption were deposited after measurement: Zobel and Antos 5 

noted that coniferous trees trapped tephra during the initial air-fall event, and that this 

material reached the ground sometime after the eruption. Measurement techniques may also 

account for some apparent discrepancies. Sarna-Wojcicki et al. 2 noted that other observers 

reported greater thicknesses of tephra, but suggested that these reports were due to earlier 

observations (i.e. they were made before compaction had occurred) or the reporting of 

maximum, rather than average, thicknesses. The incorporation of organic material (typically 

around 11% by mass in GPNF) may also have enhanced the thickness of the layer. 

 

5.1.2 Mass loading 

The mass loading samples were dry when collected, so the non-minerogenic component 

driven off during LOI was likely to have been mainly organic. We did not notice litter in the 

samples during collection, so the organic material must have been fine roots, SOM or soil 
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microbes. Average organic content was rather small and the contacts with the soil were 

usually sharp. These observations are consistent with limiting mixing, although some tephra 

grains may have been lost to other soil horizons. We have assumed that the inorganic 

component of the samples was mainly tephra, but it is possible that a small component of 

fine, non-volcanogenic sediment may have been included, particularly in the samples from 

the semi-arid sagebrush steppe. 

 

The mass loading data points in Sarna-Wojcicki et al.’s survey 2 were sparser than the 

thickness measurements, and we do not know precise sampling locations. However, we 

were able to infer approximate mass loading values from their paper. Transect CC’ (along 

which we collected our GPNF mass loading samples) is about 32 km from MSH, measured 

along the plume axis. Reading from a plot of mass loading vs distance in Sarna-Wojcicki et 

al. (their figure 339), the estimated mass loading at the intersection of the plume axis with 

CC’ was 8 g cm-2. This figure is tentative, because the curve is very steep for locations close 

to MSH, and confidence intervals are not indicated. We recorded a figure of 10.3 g cm-2 for 

approximately the same location, consistent with the addition of tephra after the original 

survey was conducted. The samples from Ritzville told a similar story. The isomass map in 

Sarna-Wojcicki et al. (their figure 338) suggests mass loadings between 2.0 and 2.5 g cm-2 

around Ritzville. Our recorded value of 2.3 g cm-2 fitted neatly in this range. The results from 

both proximal and distal locations suggested a high degree of tephra retention in situ. 

 

5.2 Tephra layer preservation 

We anticipated a thinning of the 1980 tephra layer, coupled with a decrease in mass per unit 

area. The level of preservation we observed was therefore unexpected. Even without the 

loss of fine-grained tephra due to the action of wind and water, thinning due to compaction 

would be anticipated. For example, Sarna-Wojcicki et al. 2 increased their estimate of initial 

layer thickness in the Ritzville area by a factor of two after a rainfall event, based on mass 

loading figures. 

 

Our previous work in Iceland suggests that vegetation plays an important role in tephra 

retention. Closed forest should, in principle, be a good environment for the stabilisation of 

tephra, because the forest canopy reduces surface wind speed and intercepts rainfall. The 

preservation of distinct units within the tephra layer on the proximal sites suggested that the 

forest floor is a relatively stable environment. There was very little evidence of bioturbation 

and only one site exhibited evidence of re-working (a thick, massive, tephra deposit 

overlaying recognisable units from the 1980 eruption). The coniferous forests of the Pacific 

North West are highly productive, and the accumulation of an organic layer on top of the 

tephra could assist in preservation, as could the formation/persistence of a thick ground layer 
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of vegetation. Given these factors, the retention of thick tephra layers in areas of old growth 

forest is not totally implausible. 

 

The degree of tephra retention around Ritzville was remarkable, particularly given how 

susceptible this material must have been to erosion. In order to retain so much fine material, 

stabilisation of the tephra must have been rapid, particularly as the patchy vegetation of the 

sagebrush steppe would seem to be a much less favourable environment for preservation. 

The retention of the tephra layer in open areas (i.e. between sagebrush/grass patches) was 

particularly surprising, as comparable areas in Iceland would retain no tephra at all. The lack 

of variation in tephra thickness between vegetated and open areas was also unexpected: in 

Iceland, vegetation height/density is positively correlated with the thickness of tephra layers 6. 

The lack of variation implies that the mechanisms for stabilising tephra in open areas were 

just as effective as those operating beneath vegetation. 

 

The means by which patches of sagebrush and grass trap and stabilise tephra are probably 

conventional, and similar to those that apply in Iceland i.e. vegetation structure provides 

shelter, reducing wind speed and disrupting the flow of water. However, the stabilisation of 

tephra in open areas can only be explained by the presence of a biocrust. A thin crust was 

present on all the sites we sampled and was clearly capable of capping-off the underlying 

deposit. Cyanobacteria can colonise suitable substrates in a matter of days to initiate 

biocrust formation. Thereafter, biological succession can occur, with increasing cover of 

bryophytes and lichens being particularly important. Rozenstein et al. 7 note that in certain 

conditions a biocrust can form within weeks, and that biocrust formation on fine substrates is 

much faster, and more homogeneous, than it is on coarse grains. An investigation of the 

biocrust composition and rate of formation would be a useful focus of future study. 

 

5.3 Spatial variation 

As the tephra layer seems to have been preserved largely intact in many areas, it still forms 

a good record of the 1980 eruption. Within-site variability in thickness was generally low, so 

small- (metre-) scale factors do not seem to have played a role in obscuring the volcanic 

signal. 

 

We did not conduct systematic measurements of tephra thickness along slopes in the 

forested areas. However, measurements of the tephra layer on short slopes of ~15 degrees 

around Ritzville indicated no systematic variation in thickness with slope position. This is 

consistent with our results from Iceland: tephra deposits up to a few centimetres thick do not 

appear to be transformed by slope processes on moderate inclines. 
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The thickness and mass loading of the layer at a larger (regional) scale were also broadly as 

expected. Although the proximal thicknesses/mass loadings were somewhat higher than 

those recorded in 1981, the distribution of the deposit in the Gifford Pinchot NF closely 

matched the pattern recorded by contemporary observers, i.e., with the highest values close 

to the plume axis. Very little site-to-site variation was observed in the thickness of the distal 

layer. This was also to be expected as the line of the Ritzville survey closely followed the 

main axis of the eruption plume, and variation on the scale of a few kilometres was not 

observed along the plume track in 1981. 
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6.0 Conclusions and future work 

The preservation of the 1980 tephra layer has been remarkably good, with high levels of in 

situ preservation. Layer thickness and mass loading in proximal locations suggested the 

addition of tephra after the original 1980 survey. The broad distribution of the deposit 

matched the spatial patterns recorded in the period immediately after the eruption and within-

site variability was low. Some of the patterns we observed were familiar from our Iceland 

studies, e.g. a lack of variability in deposit depth with slope position. Others, notably the 

retention of tephra in areas lacking vascular vegetation, were entirely new. 

 

Some productive areas of future research might include: 

1. Constructing detailed maps of contemporary tephra deposition, using original maps 

and field notes produced by Waitt. This would enable us to establish exactly how our 

values vary from initial deposit. 

2. Surveying experimental plots established by Zobel & Antos immediately after the 

1980 eruption 8. The plots encompass a range of vegetation types and initial tephra 

depths and we can be fairly sure that they have experienced limited (or at least well 

constrained) disturbance over the last 35 years. The plots are currently administered 

by Dylan Fisher (Evergreen University). 

3. We still don’t know precisely how tephra deposits are transformed into tephra layers 

in real time: is this process slow and continuous? Or does it occur rapidly at first, and 

then slow over time? A solution in the form of experimental applications of tephra on 

different vegetation types might elucidate this. 

4. It appears that biocrusts have great potential to stabilise tephra layers, something we 

did not anticipate. Given the ubiquity of biocrust cover in arid areas, this process 

could be of great significance in other volcanically active regions e.g. Central and 

South America, in addition to the interior of the American West. However, the early 

stages of biocrust formation on new tephra substrates is, as far as we are aware, 

unstudied. 
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