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March 30, 2004 

Louise Johnson 
Sara Koenig 
Natural Resource Department, 
Lassen Volcanic National Parle 
P.O. Box 100 
Mineral, CA 96063 

RE: Phase II- a Soil and Tephra Sampling 

Dear Colleagues: 

As per your request, please find the attached Phase 11- a Soil and Tephra Sampling Report. 
This report serves to inform you as to the preliminary findings of the soils investigation. 

Highlights of the investigation indude completed soil logs, laboratory results from day and 
tephra samples, as well as total organic carbon, and the construction of maps and profiles 
showing various relationships of soils of the Drakesbad Meadow. 

As described in previous progress reports, Drakesbad Meadow is a complex and dynamic 
environment that has required significant time to gather meaningful evidence to support 
scientific condusions. The delays in completing this report reflect the professional diligence 
committed to giving the National Park Service the best possible information so that they may 
make meaningful, long-term management decisions. 

Therefore, since this report out lines only preliminary findings, recommendations for continued 
studies and additional investigations are provided. 

Thank you for the opportunity to be a part of this project. If you have any questions or if you need 
further assistance, please feel free to contact me at your convenience. 

Charles P. Watson 
Chief Geologist 
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Geologic Research Project in the Warner Valley, 
Phase II - Soils and Tephra Sampling 

Executive Summary 

Prepared for the 
National Park Service 

Lassen Volcanic National Park 
Mineral, California 

Contract by 

Lassen Park Foundation 
Chico, California 

and 

Geo Scientists-in-the-Parks 
National Park Service 

Denver, Colorado 

March 30, 2004 

Preliminary findings shows the Middle Drakesbad Meadow is a product of a complex interplay 
between the development of organic-rich soils on a prograding alluvial fan and the formation of 
mineral soils on an active floodplain where flood scour and fill processes dominate. Figure 7 
shows a schematic of this relationship. 

Soils with organic-rich profiles greater than 1 O inches thick are located across the northern half 
of the Middle Meadow, and the maximum organic-rich profile was 29 inches thick. The soils 
were predominately peat loams to mucky loams, both of which indicate total organic carbon 
contents shy of the organic soil or Histosol classification. Although only one horizon from one 
soil profile met the criteria for Histosols, it is likely many of these organic-rich soils could classify 
as hydric soils. No soil met the classification of fen. 

The organic-rich sails are stratified, forming paleosols related to changes in soil forming 
processes and aggradational conditions. Longitudinal profiles suggest an a thickening 
southward over time and along with the angular-shaped grains, confirms a alluvial fan 
geomorphic province. 

The mineral soils are relatively thin packages of soils, usually containing an upper peat-rich 
horizon that is underlain by a thin mineral soil with less organic matter. These are typical 
floodplain soils whereby over bank flood waters scour the surface soil, then bury it with thin 
deposits of fine-grained sediment. The mineral soils are located along the southern half of the 
meadow closest to Hot Springs Creek. 
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Buried soils are common in both the mineral and organic-rich soils and have been subdivided 
into four paleosol intervals. Although similar charaderistics exist between the mineral and 
organic-rich paleosols, their relationship is undear at this time. All the soils show immature soil 
development and were likely formed since the mid to late Holocene. Charcoal fragments are 
found in many paleosols and may provide a means of dating the soils and provide insights to 
their formation. 

Analysis of the Bathhouse Ash revealed it was not a tephra, but a kaolin clay layer associated 
with Boiling Springs Lake out flows, and thus, is not directly useful for dating purposes. Other 
white layers discovered in meadow cores are probably not tephras either, and analysis is likely 
to show they are from either Devils Kitchen or Boiling Springs Lake. Differential settlement 
between soil cores and a sand-filled fissure found in one soil core appear the result of tectonic 
processes from large nearby earthquakes. 

Introduction 

In 2000, researchers proposed a discovery of a rare and possibly endangered fen (peat-rich) 
deposit in the Drakesbad Meadow of upper Hot Springs Valley in Lassen Volcanic National Park 
{Cooper, 2000). While ongoing research verify this discovery and establish the spatial 
distribution and degree of preservation and/or restoration to be applied to the peat-rich soils, 
little was known about the geology that allowed them to develop. 

Understanding the geologic framework of the Drakesbad Meadow is paramount to any 
meaningful, long-term management conclusions about the preservation and/or restoration of the 
fen deposit (Watson, 2001 ). Therefore, in 2002, the National Park Service facilitated a contract 
for the Geologic Research in Warner Valley Project (GRWVP): Phase 1 - Geologic Mapping, 
and Phase 2- Soil and Tephra Sampling. 

The primary goal of this project was to provide the researchers of the Drakesbad Meadow 
Restoration Project with a valuable piece of the complex geologic story from which appropriate 
management decisions could be made. 

This report discusses the preliminary findings of the Phase 11- a Soil and Tephra Sampling 
research projed. It supersedes all other information provided to the park. 

Soils Investigation Background 

Previous geologic reconnaissance of the Hot Springs Valley had discovered a number of flat 
benches and wide fluvial plains that were believed to be remnant stream terraces post the Late 
Quaternary glacial period at Lassen Peak. The Drakesbad Meadow and its proposed fen soil 
occupy one of these surfaces. 

The terraces occur at varying elevations and are not necessarily paired on either side of the 
valley. Along with previously identified nearby faults, this suggests a tectonic element may have 
influenced the formation of the terraces and thus, the formation of the fen. 
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One method for correlating sets of valley terraces is by the use of the relative development of the 
soil profile. It is a simple concept that says that given fixed or sets of common variables, such as 
climate, parent material, topography, and organisms, the degree of soil development is a function of 
time, in other words, older soils will have more developed profiles than younger soils (Birkland, 
1999). A number of soil-forming indicators of the soil profile are measured and grouped together by 
similar charaderistics to reveal correlations that occur both spatial and temporal. 

Detailed soils analysis can also reveal other valuable information about the terrace-forming 
environment, such as whether they were formed on, for example, a floodplain, an alluvial fan. or an 
outwash surface. Multiple processes on a single surface are referred to as complex environments 
and are challenging to correlate. 

One of the advantages of working in a volcanic terrain is that there is a high likelihood of finding 
tephra layers in still water sedimentary environments. One suspected tephra layer was 
discovered in the sediments exposed on south embankment to Hot Springs Creek near the 
Drakesbad Bathhouse (Watson, 1994). Referred to as the "Bathhouse Ash", it is a thin grayish­
white layer located in fine-grained sediments a few inches below a rich organic soil horizon, 
which is thought to be correlative to the fen deposit. 

If confirmed to be a tephra and correlated with a specific volcanic eruption with a known date, 
the discovery represented an important "time-stratigraphic" marker within the terrace-forming 
period of Hot Springs Valley. It would give a relative age for formation of the sediments that 
underlie the fen and thus, a maximum age of the fen. In addition, tracing of this and other 
possible tephra layers across the valley would assist in understanding the tectonic and 
depositional processes. 

Scope of Work and Limitations 

The scope of work for the Phase II - Soil and Tephra Sampling Research Project was to 

• obtain sediment/soil and tephra from about 40-60 borings at various locations in Hot 
Springs Valley, 

• submit at least 1 o samples for laboratory analysis, 
• prepare logs and profiles of the borings, 
• prepare a sample location map, 
• submit a final report of the preliminary findings. 

(see Appendix 4) 

The primary sampling period was scheduled for the 2002 field season, which runs from about 
May to November, with a report of the results due thereafter. The area of coverage was the Hot 
Springs Creek drainage from the eastern entrance to Lassen Volcanic National Park on Warner 
Valley Road to the upper drainage near US Route 1 (Highway 89). Soils cores were planned for 
various stream terraces and still water environments, such as Drake and Bench Lakes. 

The work contract outlined the project would be covered under National Park Service Research 
and Collection Permit, however, delays in application approvals limited the scope of work to just 
the Drakesbad Meadow. This also adversely affected attempts to correlate various terrace 
surfaces throughout the valley and the recovery of an appropriate suite of soil and tephra 
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samples. Hence, the project scope was changed several times to focus on the depositional and 
soil forming processes associated with the Drakesbad Meadow, and in particular the Middle 
Drakesbad Meadow. 

Methods 

While the Phase I - Geologic Mapping project located favorable areas for soil borings, the 
Phase JI - Soil and Tephra Sampling projected targeted areas within the Drakesbad Meadow for 
analysis. The ·eathhouse Ash· soils location was sampled first and other areas of the 
Drakesbad Meadow were then identified as sampling proceeded. Field work was performed in 
the late summer to avoid high groundwater conditions from snow melt. 

Subsurface soil sampling was done by a hand-operated AMS, 2-inch inside diameter, 16-inch 
long, split core sampler. Soil and sediment cores were obtained by pounding the sampler barrel 
into the soil with a slide-hammer. Repeated attempts retrieved a continuous sample of the 
subsurface soil. Deeper samples required the holes to be enlarged with a 3-1/4" sand or mud 
hand auger; else, the core sampler was difficult to retrieve from the hole. One augur barrel was 
broken down-hole and had to be abandoned. 

Butyrate plastic barrel liners were split on one side as to allow for easy removal of the soil cores. 
Barbs were also cut in the liners to act as •catchers" and prevent the core from slipping out the 
bottom of the tub. Prefabricated metal and plastic •egg-shell" catchers were not durable and 
failed often. 

Soil cores were removed from the liners and placed in 2-inch PVC pipes that had been cut in 
half. The cores were photographed and general soil descriptions were recorded. The cores 
were covered with folded paper towels to aid in preservation and the PVC pipe was sealed with 
duct tape. The cores have been kept horizontal in transport and storage. 

Logging of the core was first performed in the field, however, due to the complex nature of the 
soil stratigraphy, that method was abandoned, and cores were later logged in the laboratory. 
Cores were photographed and once logging was complete, were sealed with duct tape and 
archived in a cool, dry location at the Advanced Geologic Exploration Field Office in Lake 
Almanor, California, until delivery of this report to the park. 

The first five soil cores {MC-1-5) were initially logged according to the American Standard of 
Testing of Materials {ASTM), a rapid soils engineering classification system. However, due to 
the complexity of the soils, the ASTM classification system was abandoned. Instead, a modified 
soil description system using applicable taxonomy from US Department of Agriculture (USDA), 
Soil Conservation Service and the National Technical Committee for Hydric Soils (NTCHS) was 
selected (see Appendix 1). This is a long and involved process that documents many more 
properties of the soil profile. 

Soil description logs for 17 cores are presented in Appendix 3. Common soil profile properties 
were group into horizons, which were then compared with other profiles in the valley. Soil 
taxonomy correlations outside the valley were beyond the scope of this project. 
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Selected soils were sampled for outside laboratory analyses, induding Bulk X-ray Florescence, 
Scanning Electron Microprobe, and Total Organic Carbon content Table 1 summarizes the soil 
core logging. Appendix 2 shows Letters of Requests and Laboratory Results, and Appendix 3 
shows the individual logs with the sampled intervals highlighted in red. 

It should be noted that some of the cores shrank as they dried out. It was more common in 
organic-rich soils than mineral soils, however, any future review of these cores should note that 
intervals might have changed due to shrinkage. 

Soil Core Loa Data 

Twenty-three soil cores were obtained from Hot Springs Creek Valley, two from the Bathhouse Ash 
location, and 21 from the Drakesbad Meadow (Figure 1). Following the nomendature from Watson 
(2001), the distributions of cores in the meadow are as follows: 

Upper Meadovv: 5 
Middle Meadow: 12 
Lovver Meadow: 2 
Bathhouse Ash: 2 

Soil description logs for 17 cores are presented in Appendix 3. These logs consist of all the cores 
from the Middle and Lower Meadow and one from the Bathhouse Ash location. Due to the 
increased time incurred by using the USDA/NTCHS description procedures, five cores from the 
Upper Meadow and the second Bathhouse Ash core were not logged (MC-14, MC-15, MC-16, MC-
20, MC-21 and BHA-2). They have been archived for future analysis. Table 1 summarizes the 
results. Two cores from the Lower Meadow, MC-10 and MC-11, were logged, but interpretations 
are not presented. 

Soil cores for the Middle Meadow ranged from 12.5 to 52 inches long. Limitations in core 
sampling depths induded penetration refusal and samples slipping out the bottom of the augur 
barrel. These latter conditions occurred in cores MC-6, 8, 12, 13, and 18. Soils of MC·6, 8 and 
12 also have the greatest thickness to C horizons (see below). The depth of soil cores suggests 
a relative thickness accumulation of fine-grained sediments; perhaps identifying buried channels 
or other depressions in the pre-soil subsurface. 

Preliminary Findings and Discussions of Soils In the Middle Meadow 

This investigation shows the Middle Drakesbad Meadow is a product of a complex interplay 
between the development of organic-rich soils on a prograding alluvial fan and the formation of soils 
on an adive floodplain where scour and fill processes dominate. 

Soils with organic-rich profiles greater than 1 o inches thick are located across the northern half 
of the Middle Meadow and the maximum organic-rich profile was 29 inches thick. The soils were 
predominately peat loams to mucky loams, both of which indicate total organic carbon contents 
shy of the organic soil or Histosol classification. Although only one horizon from one soil profile 
met the criteria for Histosols, it is likely many of these organic-rich soils could dassify as hydric 
soils. No soil met the dassification of fen. 
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The organic-rich soils are stratified, forming paleosols related to changes in soil forming processes 
and aggradational conditions. Longitudinal profiles suggest an a thickening southward over time 
and along with the angular-shaped grains, confirms a alluvial fan geomorphic province. 

The following discussions relate to the completed logs for the Middle Meadow (see Table 1; 
Appendix 3). Large gaps exist between some soil cores, especially on the north side of the 
meadow, and interpretations between these points are liberally conceived. Identifying specific 
spatial boundaries was not in the scope of the project. 

Organic-rich soils are described first followed by descriptions of the mineral soils. Relationships 
between charcoal and tephra/kaolin follow these discussions. 

Background to Organic Soils 

By definition, "organic soils are those formed under conditions of saturation, flooding, or ponding 
of water long enough during the growing season to develop anaerobic conditions in the upper 
part of the soil• (Hurt, et. al, 2002; Richardson and Vepraskas, 2001). 

"Saturation or inundation when combined with microbial activity in the soil causes a depletion of 
oxygen. This anaerobiosis promotes a biochemical processes, such as the accumulation of 
organic matter and the reduction, translocation, and/or accumulation of iron and other reducible 
elements. These processes result in characteristic morphologies that persist in the soil during 
both wet and dry periods, making them particularly useful as indicators·. 

Key organic soil indicators are total organic carbon (TOC), morphology (color, texture, etc.), 
mineralogy, chemistry, redomorphic features, and thickness (Hurt, et. al, 2002). The principal 
indicator is total organic carbon (TOC). It has a specific relationship with the day content that 
qualifies the soil as organic. It specifies that organic soils have a TOC content (by dry weight) of 
12-18% or greater, depending on the percent day content of the soil (Figure 3). Soil material 
meeting this qualification is designated fibric (peat), hemic (mucky peat) and sapric {muck). 

Organic soils not meeting these indicators are either mucky mineral (organic-rich mineral soils) 
or mineral soils. Some mucky mineral soils are not Histosols, but may be classified as Histic or 
hydric soils (see below). 

Similar and persistent indicators form horizons that comprise the soil profile, which can be 
compared to local, regional and national soil taxonomy. 

Histosol is type of Soil Order (the highest level of soil taxonomy) that meets specific indicator 
criteria for organic soils. The basic indicators for a Histosol are: 

• have a total organic carbon content (by dry weight) of 12-18% or greater, depending 
on the percent day content of the soil (for example, see Figure 3), 

• are composed of at least 40 cm (16 inches) of organic soil material, 
• have a dominant chroma of 2 or less. 

(Hurt, et. al, 2002.) 
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Fens are peat-accumulating Histosols (Richardson and Vepraskas, 2001). 

Numerous Suborders of Histosols have been dassified, but most pertinent to this investigation 
are those related to histic epipedon. These are defined as a layer that has saturation and 
reduction for some time during the growing season that promotes the accumulation of between 
12-18% TOC, depending on day content, but has a reduced thickness between 20 to 40 cm (8-
16 inches). By definition, histic soils cannot be Histosols (e.g. thickness indicator), but may 
qualify as hydric soils (Richardson and Vepraskas, 2001). 

Hydric Soils Background 

A hydric soil is a specific soil dassification used for the identification of wetlands and its 
hydrophytic vegetation. The definition is broader than Histosols and Include all soils saturated or 
inundated during the growing season, and the soils must be anaerobic (related to or caused by 
a complete lack of oxygen). Hydric soil dassifications are meant to encompass the entire 
wetlands ecosystem, induding the organic soils as well as those in close transition from mineral 
soils. The identification of hydric soils was beyond the scope of this project; however, the 
following descriptions will aid further research. 

Initially established to better manage wetlands in the United States, the National Technical 
Committee for Hydric Soils (Hurt, et. al., 2002) has composed of the following criteria or hydric 
soil: 

• All Histosols except Folists, or 
• Soils in Aquic Suborders, Great Groups, or Subgroups, Albolls Suborder, Aquisalilds, 

Pachic Subgroups, or Cumulic Subgroups at are: 
a. somewhat poor1y drained with a water table equal to 0.0 foot from the surf ace 

during the growing season, or 
b. poor1y drained or very poorly drained and have either: 

(1) water table equal to 0.0 feet during the growing season if textures are 
coarse sand, sand, or fine sand In all layers within 20 inches, or for other 
soils 

(2) water table at less than or equal to 0.5 feet from the surface during the 
grOY1ing season if permeability is equal to or greater than 6.0 inches/hour 
in all layers within 20 inches, or 

(3) watertable at less than or equal to 1.0 feet from the surface during the 
growing season, if permeability is less than 6 inches/hour in any layer 
within 20 Inches, or 

• Soils that are frequently ponded for long or very long duration during the growing 
season, or 

• Soils that are frequently flooded for long or very long duration during the growing 
season. 

(Federal Register. February 24, 1995.) 

The "growing season• is considered to be that part of the year during which the soil temperature 
and moisture conditions permit microbial activities. 
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Hurt, et. al. (2002) describe the specific hydric soil indicators, and their tests are summarized in 
Richardson and Vepraskas (2001). 

Organic-Rich Soil Descriptions 

Soils from six cores were identified to have field indicators supporting preliminary Histosol or 
organic-rich soil dassifications (MC-8, 12, 13, 17, 18, and 19; see Table 1). Principal indicators 
induded redox depletions descriptions, chroma of 2 or less, and a potentially acceptably TOC 
contents over continuous intervals ranging from 13-29 inches thick. Selected horizons within 
these soils were sampled and submitted for laboratory analysis of total organic carbon {TOC). 

The organic-rich soil material tended to be saturated, loose, and have apedal to weakly 
developed structure. They are non-sticky to slightly sticky, non-plastic to plastic, and contain 
many fine and large roots, often reaching fibric dassifications or modifiers. The surface horizons 
range from peat, peat loam, to peat silt loam. llluvial organic matter is moderate to abundant, 
and decomposition of organic content is slight in upper horizons to progressively abundant with 
depth. Although the surface horizon are predominately fibric, not one of the profiles produced 40 
cm (16 inches) of continuous peat to qualify the soil as a fen. 

Redomorphic textures become common to abundant with depth, however, are absent in upper 
horizons where iron oxide stains and root casts were common. Porosity is moderate to high. 

The organic-rich soils are stratified, forming dear packages that have irregular boundaries and 
appear to be related to changes in soil forming processes and aggradational conditions. Buried 
peat loam soil horizons have decomposed to mucky loam, and the subsequent illuvial organic 
matter collects in lower horizons. The organic-rich soils do not show scour and fill processes 
that are common with mineral soils doser to Hot Springs Creek. 

The soil packages have been subdivided into respective paleosols, referred to herein as P-1, P-
2, P-3 and P-4, respectively. Although similar characteristics exist between the mineral and 
organic-rich paleosols, their relationship is undear at this time. 

The organic-rich soils have trace to abundant populations of sub-rounded to angular coarse 
sand and gravel that, along with the aggradational process, suggest a short transport 
environment associated with an alluvial fan deposit. 

With the exception of MC-7, all the other soils cores in the Middle Meadow had thin organic 
horizons of three inches or less, higher day contents, and less decomposed organic material 
and, therefore, are not dassified as Histosols. MC-7 showed an organic-rich section extending 
3.5-16.5 inches (or a span of 13 inches); however, the soil is not quite thick enough to qualify as 
a Histosol and has a chroma of greater than 2. In addition, the organic-rich soil interval is buried 
under a younger deposit. Although these indicators are insufficient for Histosols, they are likely 
to be hydric soils. 
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Total Organic Carbon CTOCl Analyses 

Eleven samples were obtained from five cores and analyzed by an outside laboratory for total 
organic carbon content (TOC; see Appendix 2). The results are shown below with the estimated 
clay content as determined by field methods in accordance with the National Soil Survey 
Handbook {Soil Survey Staff. 2001; USDA): 

Percent Total Organic Carbon vs. Estimated Percent Clay 

Soll Core 

MC.8 3-6• 
MC-8, 8.5-13.s• 
MC-8, 22-25• 
MC-12, 11-16. 
MC-12, 1g..25• 
MC.13, 4.5-11" 
MC-13, 11-18• 
MC-18, 4.0-7.5• 
MC-19, 5-9• 
MC-19, g..14• 
MC-19, 14-21" 

% Carbon Est. % Clay 

17.34 
12.07 
4.92 
8.49 
5.40 
9.85 
4.42 
8.07 

10.79 
8.13 
5.69 

15 
15 
30 
15 
15 
15 
15 
20 

5 
20 
15 

The two highest percentages of TOC occurred in MC-8 where it reached more than 17% in the 
interval from 3-6•, and 12% from 8.5-13.s•. Although illuvial organic material was abundant in 
MC-8, analysis from a little deeper in the soil profile at interval 22-25• showed a significant 
reduction in TOC to only -5%. Only one other sample showed TOC values in double-digit 
figures, MC-19, 5-9• - TOC = -11 %. A common result was that a greater percentage of TOC 
occurred in the upper horizons than the lower horizons. 

Figure 3 plots TOC versus the estimated clay content to ascertain the Histosol organic soil 
classification. The results show that only soil profile MC-8 at 3-6• with 17.34% TOC and 15% 
clay met this indicator for a Histosol. This is surprising considering the strong organic 
appearance of the soils. 

Six samples returned values between 8-12% with 5-20% clay, classifying them as mucky 
mineral {or organic-rich mineral) horizons. Although these soils are not Histosols, they are likely 
to be hydric soils because of the prominent redomorphic features. 

Four samples returned results with less than 6% TOC and between 15-30% day, thus were 
classified as mineral horizons. These samples are MC-8, 22-2s•; MC-12, 11-1a· and 19-25"; 
MC-19, 14-21·. It would appear that the dark colors were related to illuvial organic matter than 
from in situ decomposition. 

With these results, classifications in other soil profiles were modified in accordance with similar 
indicators. 
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0 Soatial and Temporal Relationships of Organic-rich Soils 

The distribution and thickness of the organic-rich soils from cores MC-8, 12, 13, 17, 18, and 19 
are contoured on a map Of the Middle Drakesbad Meadow (Figure 4). The outline forms a broad 
surface on the northern side of the valley and indudes a small area on the southwest side, just 
east of Spring Creek. 

Soil Profiles 1, 3 and 4 show the temporal relations associated with specific organic-rich soils. 
Most notable is the thickening of the soils in P-2 to P-1 time. This is indicative of a prograding 
alluvial fan. The fan deposits are thickest In the northwest and thinnest in the northeast, which is 
reflective of the North-Central Spring Complex as a source area, which is described below. 

Organic-rich soils in cores MC-12, 13, and 18 appear to have been disrupted in P-3 time by a 
kaolin day layer-forming event. This event also appears to have caused the thickening of P-3 
mineral soils. The rounding of the coarse-grained fraction of the Paleosol 3 organic-rich soil 
indicates more active conditions that are associated with active stream processes (see MC-13) 
and suggests a fluvial rather than an alluvial origin. This finding gives a relative timing that the 
alluvial fan had not yet prograded this far. 

While MC-7 shows a prominent 13 inches-thick section of organic-rich material, the surface of 
the Paleosol P-3 soil has been scoured and buried by subsequent floods. Although this soil is 
not Histosols, it is likely to be a hydric soil. 

Q Discussion of Histosol and Hydric Soils 

0 

This investigation shows that while the soils of Middle Drakesbad Meadow are organic-rich, the 
total organic carbon content for nearly all of the soils is not high enough in specific horizons or 
persistent enough in the soil profile to establish an organic dassification of Histosol. The only 
exception to this is profile MC-8, which easily meets these indicators. 

Because large gaps exist between these organic-rich soil profiles, the isolated occurrence of 
MC-8 organic soils may suggest that pockets or microenvironments conducive to organic soil 
formation may exist elsewhere in the meadow, however, widespread areas are not likely. 

Although the surface horizons are predominately fl bric, not one of the profiles produced 40 cm 
(16 inches) of continuous peat to qualify the soil as a fen. 

The identification of hydric soils was beyond the scope of this project; however, descriptions 
herein will further research towards their understanding. In particular, hydric soil indicators A 1. 
A5, A7, S2, S3, S7, F3, and F7 are likely candidates for various soils of Middle Drakesbad 
Meadow. 

Key to future hydric soils research will be demonstrating that the soils are saturated during the 
growing season long enough to develop permanent indicators of anaerobic conditions. This can 
only be attained by a complete analysis of water and soil chemistry, physical properties 
(including temperature, conductivity, etc.), and biology of several locations by a professional 
wetlands research expert (Richardson and Vepraskas, 2001 ). 
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The water source for the alluvial fan and the organicrrich soils is the North-Central Spring 
Complex. It has a number of slightly active to very active springs that provide significant 
volumes of fluid to the meadO\N year round. Water tends to flow on to the meadow as either 
seeps or rushes, the later of which form natural channels that accumulate the water quickly and 
move it to other parts of the meadow, and ultimately to Hot Springs Creek. 

Figure 5 is a low-altitude, aerial photograph taken of the Drakesbad Meadow during the winter 
months. Geologic studies show the temperature of the water from North-Central Spring 
Complex is a consistent 10.4°C (50.7°F) throughout the year. This relatively warmer water melts 
the snow and helps identify sources of thermal fluids. Notice the barren spots of snow 
throughout the Drakesbad Meadow clearly outlining the pattern of spring runoff from the North­
Central Spring Complex. The photo also shows other geothermal sites near the Drakesbad 
Meadow, including the Drakesbad Pool Hot Spring and a thermal spring just east of Dream 
Lake. 

In the late 1960s, the National Park Service constructed a water tank within the spring complex 
to service the Orakesbad Guest Ranch. The access road cut through the eastern part of the 
spring complex, disrupting the natural flow of water to the meadow. Figure 6 is a map showing 
the various springs that were disrupted by the construction of the water tank road. The aerial 
photograph shO\Ns North-Central Spring Complex thermal spring waters were diverted and ran 
down the ruts in the road, exiting at various locations on to the meadow. 

As a result, North-Central Spring Complex spring water was diverted and concentrated at 
various locations, causing the deposition of sediment and the burial of the natural soils, 
including organicrrich and possibly hydric soils; the erosion of surface soils on the meadow and 
the development of new non-natural channels; both causing the over-saturation and dehydration 
of broad areas of the meadow. 

For example, the log of MC-13 shows the oxidation of surface organic-rich soils due to the 
dehydration of the soil. This appears to have been caused by the diversion of spring water from 
the water tank road up slope from MC-13. Sample MC-13, 4.5-11 • returned a TOC of nearly 
10%, nearly qualifying as a Histosol. However, the top nine inches were dry to only slightly 
moist and the anaerobic conditions necessary for anaerobic activity had been disrupted in favor 
of an oxidizing environment (note the oxide stains and oxidizing roots casts in MC-13, P-1 ). 

Field evidence shows that while the oversaturated areas are flourishing with organic material 
(for example, MC-8), dehydration and destruction of the organicrrich soils is prevalent within 
other parts of the meadow. They are in great need of immediate professional restoration to stop 
further damage. These affected areas are predominately down slope from the water tank road. 

Descriptions of Mineral Soils 

Soils from ten cores were identified to be mineral soils with insufficient indicators to be classified 
as organic-rich soils. (MC-1, 2, 3, 4, 5, 6, 7, 9, 10, and 11; see Table 1). Although many of the 
mineral soils had individual horizons that contained moderate to abundant organic matter, 
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Hlstosol indicators were not met (see Descriptions of Organic Soils above and Figure 3). 
Specifically, indicators for maximum organic intervals, total organic content and chroma fell 
substantially short of the dassifications. 

The mineral soils are relatively thin packages of soils, usually containing an upper peat-rich soil 
that is underlain by a thin silt loam and/or peaty silt loam. These are typical of floodplain soils 
whereby over bank flood waters scour the surface soil, then bury it with thin deposits of sand, 
sift and clay (Richardson and Lietzke, 1983). Sand and silt are the dominant particle size for the 
surface soils, but as to be expected, clay becomes more prevalent in the lower soils. 

Thickness of individual mineral soil horizons range from 2-14 inches and scoured boundaries 
are common between paleosols. The porosity of the mineral soils was commonly high to 
medium, but was low with increasing clay content. 

The mineral soils contain high populations of rounded to sub-angular coarse sand and gravel. 
Pebbles are common in these soils and show similar roundness. This shows a degree of 
transport has occurred to round the grains and suggests Hot Springs Creek as a likely source 
and not the proximal alluvial fan. 

The colors of mineral paleosols are relatively uniform with chroma ranging from 2-4 and values 
starting at 2 and becoming as light as 5. Most of the hues were 7.5 YR and 10 YR, but 
occasionally, were slightly redder (5YR) or yellow (2.5Y). AHhough these are clearly indicative of 
oxidizing soil processes, the limited chroma range implies either a passive oxidizing 
environment, an immature soil development, or both. Soils containing kaolin clay tended to be 
either more red or yellow. This condition is probably a result of acidic conditions associated the 
geothermally derived clays. 

Gley redox depletions or motUing, an indication of a transitory reducing iron environment, 
occurred in four soil cores, MC-1, 2, 5 and MC-6. These soils occur on the south side of the 
meadow. Observation taken in May and early June show these soils are saturated from snow 
melt, and since the southern side of the meadow is the last area to be occupied by snow 
because of the shade provided by the tall nearby trees, adjacent soils receive prolonged 
saturation. With the warm days of June and July, the snow rapidly melts and the water table 
drops quickly, returning the soils to oxidizing environments. 

Spatial and Temporal of Mineral Paleosols 

Four paleosols have been identified in the mineral-rich soils of the Middle Meadow. They 
represent specific soil forming environments that persisted for some time and were later acted 
upon to become either buried or eroded. Specific paleosol intervals are summarized in Table 1 
and are referred to herein as P·1, P·2, P-3 and P-4, respectively. The association between the 
organic-rich and mineral paleosols is not clear, but their similarities are striking. 

P-1 and P-2 show the least amount of soil development, and P-3 and P-4 show progressively 
more. Soil Profiles 1, 2, 3 and 4 show the general relationships between the paleosols and in 
summary, are suggestive of an active environment where floods, earthquakes, and natural 
slope processes have played major roles in their development. 
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Paleosol 1 

The weak soil development in Paleosol 1 suggests it is related to historic flooding. Since the 
1900s, at least nine major floods have occurred in the upper Feather River drainage, and 
probably including Hot Springs Valley, (1907, 1919-1920, 1924, 1937, 1940, 1955, 1986, 1997, 
and 1998; Paulson, et al. 2002). Historic records prior to this suggest major floods were also 
common, with notable major events in 1867, 1884 and 1895. Anecdotal evidence accounts of 
the effects following the 1986, 1997, and 1998 floods indicated scouring of the surface soils and 
widespread deposition of fine-grained sediments along the southern half of the meadow 
(personal communications with several Drakesbad guests). 

The course of Hot Springs Creek takes it around a small topographic rise just up stream from 
the Spring Creek confluence at the western portion of the Middle Meadow. A gooseneck bend 
occurs around the topographic rise and the stream quickly bends south, then east. This bend 
forms a prime opportunity for over-bank conditions. Although the active channel is on the order 
of 5-6 feet deep east of Spring Creek, flood conditions likely force water to top its banks and 
flow across the meadow surface. The greater the flood, the deeper the water on the meadow, 
and the higher potential for scour and fill processes. 

The thickness of Paleosol P-1 for both the mineral and organic-rich soils is contoured at 
intervals of <3 and C?:6 inches to show the relative distributions (Figure 7). All Paleosol P-1 soils 
with C?:6 inch thickness occur on the northern half of the meadow and within the organic-rich 
soils. The boundary between the <3 and C?:6 inch contour is strikingly similar to that of the 
organic-rich soil boundary. 

No charcoal was found within this paleosol. 

Paleosol 2 

The relationship between Paleosol P-2 and historic flooding is not clear. Some P-2 soils show 
weak soil-forming indicators that are similar to P-1 (for example, MC-1), but others show more 
soil development, like MC-7. This suggests that since major flooding is common in the valley, 
identifying which depositional event occurred to which flood may be challenging without better 
age controls and more soil cores. 

In combination, Paleosols P-1 and P-2 are 14 inches thick or less. Minor variations shown in 
Profiles 1 and 2 are probably the result of flood scour and fill processes. If Paleosol P-2 is 
related to historic floods, it is not likely the thickness variations are tectonic related as there 
have not been any large earthquakes in the region during this time {Friends of the Pleistocene, 
1995). However, a kaolin clay layer in Paleosol 2 at MC-18 may suggest tectonic influences and 
its implications are discussed later. 

Some charcoal fragments were discovered in this paleosol and suggest a major fire occurred at 
this time. Carbon-14 dating of this charcoal may provide insights to the development of this 
paleosol. 
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Paleosol 3 

The Paleosol 3 Is a widespread soil that ranges from 7-20 inches thick and is found between 14-
27 inches below the surface. Descriptions of the organic-rich Paleosol P-3 soil are similar to the 
mineral soil descriptions and, therefore, are likely to be correlative. 

Paleosol P-3 was found closest to the surface in MC-3 and deepest on the north side of the 
meadow MC-8 and MC-13, and also within MC-6, which is located in the eastern part of the 
meadow, just south of the Drakesbad Lodge. Roundness of the coarse-grained mineral fraction 
is supportive of a parent material with a fluvial origin. It also supports the correlation between 
mineral and the organic-rich Paleosol P-3 time. 

Most of the surface organic horizons of Paleosol P-3 have been eroded, but glimpses of it were 
discovered in MC-5, 6 and 7, as evident with increased decomposed organic matter and clay 
content. 

The topographic changes in the depth from surface of Paleosol P-3, like in MC-17 and MC-18, 
and between MC-2 and MC-18, are suggestive of significant scouring and/or tedonic influences 
and are discussed later in the text. In general, they show an increasing of paleosol thickness to 
the north, west and east. 

Charcoal fragments were common in Paleosol P-3 time and suggest a major fire occurred at 
this time. Carbon-14 dating of this charcoal may provide insights to the development of this 
paleosol. 

Paleosol 4 

The Paleosol 4 is charaderized by its increased soil development, including increased clay 
content, more developed strudure, and its relative soil position. Soil cores MC-6 and MC-7 
show the thickest P-4 horizons and these characteristics formulated the basis of its identification 
in other cores. 

Paleosol P-4 was not discovered in MC-4, 12, 13, 17 and 19, suggesting either a completely 
eroded horizon, or it occurred deeper than the cores penetrated. 

Charcoal fragments were common in some Paleosol P-4 cores and suggest a major fire 
occurred at this time. Carbon-14 dating of this charcoal may provide insights to the development 
of this paleosol. 

Alluvial Fan and Floodplain Relationship 

In summary, the Middle Drakesbad Meadow is a product of a complex interplay between the 
development of organic-rich soils on a prograding alluvial fan and the formation of mineral soils 
on an active floodplain where flood scour and fill processes dominate. Figure 8 is a schematic of 
this relationship. 
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Age of Paleosols 

All the paleosols show relative poor soil development. This was indicated by 

• tightly dustered soil hues and low chroma colors 
• low day content and poor clay illuviation 
• weak ped structure and shape 
• low stickiness and low plasticity 

It suggests that these soils were formed a relatively short time ago geologically, probably in the 
mid to late Holocene. 

The Phase 1~eologic Mapping portion of the projed identified lateral glacial moraines near 
Devils Kitchen that post-date the late Quaternary glacial epoch. They extend about a mile down­
valley from Devils Kitchen along the course Of Hot Springs Creek. A prominent outwash apron 
spreads laterally tmay from the moraines and extends down-valley through Drakesbad Meadow 
to the Hot Springs Creek campgrounds. It is presumed that this is the surface on which the soll­
forming processes began in the Drakesbad Meadow and correlate to Paleosol P-4 time. 

Climate researchers have subdivided the Holocene period into four intervals: 

• 13,000-10,000 ka 
• 10,000 - B,000 ka 
• 8,000 - 4,000 ka 
• 4,000 ka to present 

The Younger Dryas (a.k.a. Ear1y Holocene) 
Early Hypsithermal (a.k.a. Anithermal) 
Hypsithermal Interval (a.k.a. Altithermal) 
Post-Hypsithermal (a.k.a. Medithermal) 

Flint, 1971, documents a glacial maxima shortly after 5,000 ka and again soon after 3,000 ka. 
He defines these as neoglacial intervals. They partly overlap the Hypsithermal and Post­
Hypsithermal intervals. A third interval between 150-300 years ago also produced glacial 
advances, but these were minor and produced few effects. Albers, 2002, also finds support for 
these neoglacial advances in the Colorado Rocky Mountains. Importantly, Gerstel, 1989 and 
Gerstel and Clynne, 1995, reported late Holocene glacial deposits in the vicinity of Lassen 
Peak, but unfortunately, relationships were not described - yet they are suggestive of a regional 
correlation that includes Hot Springs Valley. 

Although it is not certain at this time which neoglaciation would correlate to the Devils Kitchen 
moraines, both Post-Hypsithermal dates suggest origins with less than 5,000 ka and supports 
the data from these studies soil descriptions for young, late Holocene soils. 

Dating of the soils can be achieved easily by the abundant charcoal fragments found in both the 
mineral and organicrrich soils. 

Charcoal-rich Soils 

Charcoal was found in all paleosols throughout the Middle Meadow, except Paleosol P-1 . Table 
1 summarizes its occurrence and a map of its distribution is shown in Figure 9. The header on 
the soil core logs denotes the intervals charcoal was found (Appendix 3). 
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Charcoal fragments ranged in size from >0.1-1.0 inches and most were in good to excellent 
condition. Although no attempt was made here, mapping of the charcoal-rich sediments may 
discover insights to the soil-forming processes at Drakesbad Meadow. 

With the absence of tephrachronology applications, charcoal may provide one of the best 
means to date the development of the soils. 

Depth to the C horizon 

Depth to the C horizon or the original mineral horizon varies from 16-31 inches across the 
Middle Meadow (Table 1; Figure 10). Field observations show the C horizon becomes shallower 
at various locations near Hot Springs Creek. C horizon depths are shown with generalized 20 
inches and 30 inches contours. 

The depth to the C horizon is less than 20 inches in cores MC-2, 4 and 17. These are clustered 
along the southern part of the meadow, between the Dream Lake trail junction and Spring 
Creek, and form a shallow C horizon peninsula protruding northward into the meadow. 

Three soil cores show depths greater than 30 inches (MC-6, 8, 12). MC-12 is located on the 
western side of the Middle Meadow and west of the shallow C horizon peninsula. MC-8 in along 
the northern side of the meadow near the Drakesbad horse corral and MC-6 is located in a 
surface depression south of the Drakesbad Lodge. 

It is interesting to note that the C horizon was not encountered MC-18 because the sample 
slipped out the end of the augur barrel and was unrecoverable. It probably suggests a northern 
continuation of the 30 inch contour west of the shallow peninsula. 

Bathhouse Ash: A Tephra or Kaolin-rich clay? 

Part of the soils research was concerned with the thin white clay layers seen in a stream bank 
exposure near the Drakesbad bathhouse. Known as the Bathhouse Ash, the layers were 
originally believed to represent air-fall ash or tephra deposits from some Holocene volcanic 
eruption. However, on July 14, 2002, an event in Hot Springs Valley changed that perspective 
and eventually led to a remarkable discovery. 

Devils Kitchen Outburst of July 14. 2002 

On July 14, 2002, a surge in geothermal activity occurred in upper Hot Springs Valley. White 
hydrothermally-altered clay or kaolin was discharged into the stream at a phenomenal rate, 
altering the color of the water to a milky white, as though a milk truck had spilled up valley. The 
discoloration was traced back up stream to the Devils Kitchen geothermal area and was later 
monitored during the geologic mapping phase of the project. During the peak of the incident, the 
temperature of Hot Springs Creek was raised 10-15 degrees F over background levels 
(maximum temperature: 73 degrees F) and stream discharge was increased by about 20-40%. 
Over time the event relaxed, producing progressively less kaolin and fluid, and the stream 
returned to its natural clear appearance, but the elevated temperatures persisted through the 

Page 16 

Advanced Geologic Exploration, Inc. 
PO Box 2464, Lake Almanor, CA 96137 •Voice: (530) 596-3221 •Fax (530) 596-3221 • www.advancedgeologic.com 



0 

c 

0 

end of the field season. A full report of the incident will be chronicled in the Phase 1-Geological 
Mapping report. 

In the wake of the Devils KHchen "blow-our, a thin, white clay layer of kaolin was deposited on 
the stream channel bottom. The appearance of the clay was similar to that of the Bathhouse 
Ash layer and other suspected tephra seen in the valley. It immediately raise suspicions that the 
white layers at the bathhouse exposure were not tephras at all, but kaolin clay deposits from 
similar, but more robust out-bursts from a geothermal area. 

Analyses of the Bathhouse Ash 

There are two geothermal areas capable of such adivity in Hot Springs Valley, Devils Kitchen 
and Boiling Springs Lake. Geologic mapping of both areas had shown that the surface rocks in 
the two areas are dissimilar, Devils Kitchen is surrounded by high silica, calc-alkaline rocks, and 
Boiling Springs is located entirely wtthin basalt or silica poor, iron and magnesium-rich rocks. 
Basalts also contain a higher population of trace elements than calc-alkaline rocks. 

It was suspected that if the whtte clays deposits at the Bathhouse Ash exposure were derived 
from hydrothermally altered days associated with either geothermal area, that they may have 
an identifiable chemical fingerprint. 

Two clay samples from the Bathhouse Ash soil core (BHA-1 and BHA-2) and a representative 
sample of hydrothermally altered clay from both the Devils Kitchen (DK-1) and Boiling Springs 
Lake (BSL-1) geothermal areas were submitted for Bulk X-ray Florescence (XRF) analysis (see 
Appendix 2). This was an ideal method of analysis because it provided a molecular as well as 
trace element results, which would be well suited to distinguish a potential source area. 

The laboratory results showed both of the Bathhouse Ash samples had nearly identical 
molecular and trace element analyses as the sample from Boiling Springs Lake. 

This remarkable discovery was strong evidence that the thin white clay layers at the Bathhouse 
Ash stream exposure were not tephra from air-fall volcanic eruptions, but adually 
hydrothermally-altered kaolin clay from Boiling Springs Lake. 

Further evidence came from geologic mapping that revealed that Boiling Springs Creek empties 
into Hot Springs Creek short distance up stream from the Bathhouse Ash stream exposure. 
Thick while kaolin deposits coat the Boiling Springs Creek channel as seasonal outflow from the 
lake carries suspended days down stream. 

It is not conclusive at this time if the Bathhouse day layers were formed from "out-bursts" at 
Boiling Springs Lake, like the one seen at Devils Kitchen on July 14, 2002, or from the 
meandering patterns of Boiling Springs Creek during seasonal out flows. 

Drakesbad Meadow Tephra and/or Kaolin Deoosits 

Nine of 17 soil cores of the Middle Meadow encountered white day layers and particles within 
the soil that were believed to be either tephra from a volcanic eruption, reworked tephra from a 
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stream deposit, and/or kaolin clays from a geothermal area. Field and laboratory observations 
using a 30x optical glass revealed several grains within the sediments that appeared to be 
tephra glass shards, but the evidence was not conclusive. 

A sample of a white clay layer from soil core MC-13 was submitted to Dr. Nick Foit of Western 
Washington University, an expert in tephrachronology. His preliminary observation indicated 
that although the sample was largely composed of clay and other detritus, and there was a 
sufficient number of glass shards in the sample to suggest it might be a reworked tephra 
deposit. 

Sixteen glass shards were then analyzed using a scanning electron microprobe for major 
molecular compositions. The results were averaged and compared other with tephras of similar 
chemical compositions for possible correlation. 

The analysis suggested that the glass shards had a 97% similarity coefficient to the Rockland 
Ash or Brokeoff volcano eruptive series dated at 600-622 ka. This is obviously an impossible 
solution for the clay layers because the sediments from which they were found are 
unequivocally of late Holocene age ( <5 ka). Most of the bedrock in the area to the west of the 
meadow is from Lassen/Brokeoff volcano so there is a good chance Rockland ash is 
somewhere in the drainage. Hence, it is possible the tephra glass shards identified by Dr. Foit 
were weathered out of bedrock elsewhere in the valley and were subsequently washed into the 
stream to be deposited down valley. 

Andrei Sara-Wojcicki, a tephra expert for the US Geological Survey, reported that subsequent 
volcanic eruptions at the Lassen Volcanic Center had similar geochemistry as the Rockland Ash 
(personal communication, June 2003). Careful comparative analysis is needed from 
representative samples in order to tell them apart, however. He has this information in his 
database and has offered to review the Drakesbad Meadow samples later. 

Therefore, because tephra glass shards were discovered in the sample, it cannot be ruled out 
that some of the white layers found in the soils of Drakesbad Meadow are from volcanic 
eruptions, but it is not clear which ones and if they occurred during the soil-forming periods. 

For the most part, it is now suspected the white clay layers are mostly kaolin deposits from a 
local geothermal area. This would be in line with similar findings for the "Bathhouse Ash layers", 
as described above. 

Spatial and Temporal Relationships of the Tephra and/or Kaolin Deposits 

The spatial distribution of the tephra/kaolin-rich soils is shown in Figure 11 and vertical or 
temporal relationships are shown in Profiles 1, 2, and 3. Although some soils contained 
tephra/kaolin-rich particles they appeared to be reworked deposits (for example; MC-19, 21-2a·) 
and did not qualify for this correlation. 

The distribution is very specific and forms two regions spanning the southwest and northwest 
portions of the middle meadow. Cores MC-3 and MC-4 occur between the two areas and 
suggest the two areas may not be contiguous. More importantly, however, is that much of the 
meadow does not contain these deposits, specifically the five eastern cores (MC-5, 6, 7, 8 and 
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9; for example, Profile 4). It suggests the process was that formed these deposits was specific 
to certain areas. 

The temporal relations indicate all the tephra/kaolin-rich layers occurred during or before 
Paleosol P-2 time. Profile 2 shows a deposit forming prior to Paleosol P-4 in MC 1 and MC-2. 
Further west, Paleosol P-4 becomes eroded, and the kaolin layer underlies Paleosol P-3. MC-
18 shows two distind kaolin layers separated by an organic soil-forming period. It indicates the 
events that created the kaolin-rich layers have occurred multiple times in the past. It also implies 
that the areas affected seem to be the same. 

One of the most noteworthy observations about the tephra/kaolin-rich layers is the change in 
elevation that occurs from MC-17 to MC-12 (Profile 1) and from MC-18 to MC-13 (Profile 3). 
These deposits probably formed on a relatively flat, horizontal surface and changes in elevation 
of 1-2 feet implies the soils have been deformed at some time. Given the tectonic nature of the 
region, it would seem that these deformations could be related to earthquakes (Friends of the 
Pleistocene, 1995). The Phase 1-Geologic Mapping Report will explore this reasoning in 
greater detail; however, in summary, strong shaking from large, nearby earthquakes could have 
caused liquefaction, soft-sediment deformation (tilting, warping, etc.), differential settling, and 
lateral spreading. It does not necessarily mean surface fault ruptures occurred across the 
meadow, but that these secondary effeds could have easily caused the changes in elevations 
observed in the paleosol morphology. 

Possible evidence of strong shaking of the soils was discovered in MC-12. An interval within 
Paleosol P-3 from 16.5-19.5 inches displayed a well sorted coarse-grained sand with 
considerably less organic matter than its surrounding organic-rich horizons. It was bounded by a 
similar well sorted sand, but contained slightly more oxidation of minerals and increased illuvial 
organic matter. These sand layers were obviously not part of the original mineral horizon. The 
sand intervals look very similar to lateral sand-filled fissures documented from the powerful 
1811-1812 New Madrid, Missouri, and 1886 Charleston, South Carolina, earthquakes 
(McCalpin, 1996). Intense shaking of the ground causes some soils to break or dislocate, 
creating open fissures whereby liquefied sands can be injected. When they are parallel to 
sediments or soil horizons, like those in MC-12, they are referred to as sills. 

It is interesting that the core MC-12 is located dose to one of the deformed kaolin layers. This 
may imply that strong shaking from an earthquake in Paleosol P-3 time caused differential 
settling of the ground and subsequent sand-filled fissures, resulting in the subsidence of soils 
near MC-12 and/or relative uplift of soils in MC-17. The second well-sorted sand lens suggests 
that a second earthquake occurred, fracturing the same fissure and causing another sand­
injection event. It is not known if multiple sand-injection events have ever been seen in the 
same fissure before. 

Considering that the differential settling may have occurred to the soils of Drakesbad Meadow, 
other areas that showed elevation changes were identified from logs and profiles and plotted on 
Figure 12. Areas of that settled are labeled "Basins• and areas that were raised are labeled 
"Uplifted•. It is interesting to note that the area denoted as basin closely approximates the 
organic rich soils. This may be the result of perched groundwater tables, pooling in these 
basins. Conversely, the uplifted areas tend to be exposed to erosion. 
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Summary 

Preliminary findings shows the Middle Drakesbad Meadow is a product of a complex interplay 
between the development of organic-rich soils on a prograding alluvial fan and the formation of 
mineral soils on an active floodplain where flood scour and fill processes dominate. Figure 7 
shows a schematic of this relationship. 

Soils with organic-rich profiles greater than 1 o inches thick are located across the northern half 
of the Middle Meadow and the maximum organic-rich profile was 29 inches thick. The soils were 
predominately peat loams to mucky loams, both of which indicate total organic carbon contents 
shy of the organic soil or Histosol classification. Although only one horizon from one soil profile 
met the criteria for Histosols, it is likely many of these organic-rich soils could dassify as hydric 
soils. No soil met the classification of fen. 

The organic-rich soils are stratified, forming paleosols related to changes in soil forming 
processes and aggradational conditions. Longitudinal profiles suggest an a thickening 
southward overtime and along with the angular-shaped grains, confirms a alluvial fan 
geomorphic province. 

The mineral soils are relatively thin packages of soils, usually containing an upper peat-rich 
horizon that is under1ain by a thin mineral soil with less organic matter. These are typical 
floodplain soils whereby over bank flood waters scour the surface soil, then buries it with thin 
deposits of fine-grained sediment. The mineral soils are located along the southern half of the 
meadow closest to Hot Springs Creek. 

Buried soils are common in both the mineral and organic-rich soils, and have been subdivided 
into four paleosol intervals. Although similar characteristics exist between the mineral and 
organic-rich paleosols, their relationship is unclear at this time. All the soils show immature soil 
development and were likely formed since the mid to late Holocene. Charcoal fragments are 
found in many paleosols and may provide a means of dating the soils and provide insights to 
their formation. 

Analysis of the Bathhouse Ash revealed it was not a tephra, but a kaolin clay layer associated 
with Boiling Springs Lake out flows, and thus, is not directly useful for dating purposes. Other 
white layers discovered in meadow cores are probably not tephras either, and analysis is likely 
to show they are from either Devils Kitchen or Boiling Springs Lake. Differential settlement 
between soil cores and a sand-filled fissure found in one soil core appear the result of tectonic 
processes from large nearby earthquakes. 

Recommendations 

• Perform a complete and thorough hydric soil investigation of the Drakesbad Meadow 
soils, including a complete analysis of water and soil chemistry, physical properties 
(including temperature, condudivity, etc.) and biology of several locations. 
Preferably, this should be conduded by an expert recognized by National Technical 
Committee on Hydric Soils. 

• Complete soil description logs of the soil cores in the Upper Meadow and incorporate 
established soil descriptions from the Lower Meadow. 
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• Add additional soil cores in strategic areas to improve classification and correlation of 
the soil profiles. 

• Conduct geophysical investigations across parts of Drakesbad Meadow to better 
understand its subsurface relationships, including palecrchannels, depressions, 
depth to bedrock, and tectonic features. 

• Perform Carbon-14 dating on selected charcoal samples to better define the age 
controls of the soils and its parent material. 

• Submit samples with suspected tephra to the US Geological Survey for analysis and 
regional correlations and incorporate the results into an addendum to this report. 

• Set up a continuous monitoring network of the geothermal areas and Hot Springs 
Creek to provide better understanding to their fluctuating behaviors and their 
potential impact to public safety and the resources of the park. 

• Obtain soil cores from other areas of Hot Springs Creek Valley, including Drake and 
Bench Lakes, the Devils Kitchen outwash surface, and fluvial terrace deposits down 
valley from Drakesbad Meadow. 

Limitations 

Results and conclusions contained in this report are based upon field observations, 
standardized soil testing procedures, and our understanding of the project. The locations 
selected for testing and/or sampling are, in our opinion, representative of the typical soil 
conditions on the site. It is possible that variations in soil conditions could exist between the 
points explored and, therefore, differing results could be achieved. If any soil conditions are 
encountered at the project site that are different from those used in preparation of this report, 
our firm should be contacted immediately so we may review the situation and make 
supplementary recommendations as needed. No other warranties, guarantees, 
recommendations or conclusions are expressed or implied except for those directly stated in 
this report. 
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I Max. Organ lo· Paleoaol 

Core Organic rich P1 (Rello) Paleosol 
Core Logging Length Intern I Solla Interval P2 lntarval 
No. status (In.) (In,) M (In.) (In.) 

- - -
Mlddle Meadow . ____J 

MC-1 Draft 32 3 0-4.5" 4.5-10" 
MC-2 Draft 25 2 0-4.5" 4.5-6" 
MC-3 Draft 22 2 0-2" 
MC-4 Draft 21 3 0-5" 5-11" 
MC-5 Draft 39 2 0-4.5" 4.5-6" 
MC-6 Draft 32 2 0-4" 4-13.5" 
MC-7 Draft 34 13 0-3.5" 3.5-12" 
MC-8 Draft 31 29 y 0-2" 2-6" 
MC-9 Draft 25 2 0-5" 5-10.5 
MC-12 Draft 42 25 y 0-5.5" 5.5-11" 
MC-13 Draft 37 18 y 0-9" 9-22" 
MC-17 Draft 19 13 y 0-2" 2-4" 
MC-18 Draft 20 16 y 0-8" 8-11" 
MC-19 Draft 30 21 y 0-5" 5-9" 

Lower Meadow - -
MC-10 Draft 13 2 0-7.5" 7.5-12.5" 
MC-11 Draft 27 2 0-3" 3-5" 

. -

Upper Meadow 
~- -r 

-- - . •--- L--. - ~--------" - ---
MC-14 Archive 
MC-15 Archive 
MC-16 Archive 
MC-20 Archive 
MC-21 Archive 

-- ---
BathhoUM Ash Sita . --
BHA-1 Draft 43 4 2.5-6.5" 6.5-17" 
BHA-2 Archive 63 

0 

Table 1. Soil Core Log Summary 

--
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Paleoaol Paleosol DepthtoC Kaolin-rich Charcoal 
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. - - ----,.,, --
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10-23" 23-31" 31" 29-32" 10-29" 
6-16" 16-17.5" 17.5 17.5-25" 6-8, 10-14 
2-14" 14-21" 21" 4-14" 
11-16" 16" 7-16" 
6-14" 14-24" 24" 6-14" 

13.5-27" 27-30" 30" 18-24" 
12-22" 22-26" 26" 
6-20" 20-31" 31" 22-29" TOC 

10.5-21" 21-25" 25" 
11-31" 31" 25-37" 7-16", 25-42" TOC,XRF 
22-25" 25" 22-37" 11-18" TOC,SEM 
4-13" 13" 13-19" 4-13" 
13-16" 18-20" 20+" 11-13", 16-18" TOC 
9-21" 21" 21-28" 14-21" TOC 

- - -
--- ~~-

12.5" 
5-12" 12" 12-27" 

~ -~ 1~ 

~- '-- -----' 

~ 

~ 

17-28" 28-31.5" 31" 12-17", 28-31" 26-28" XRF 



0 Table 2. Physical Soil Boring Locations 

0 

0 

Soil boring locations are given in relationship to Lassen Volcanic National Park's 

(LVNP) groundwater monitoring wells. Some measurements were approximated. 

B2ciog LocatiQn 

BHA-1 2 m south of Hot Springs Creek near Drakesbad Bathhouse 

BHA-2 2.5 m south of Hot Springs Creek near Drakesbad Bathhous 

MC-1 2 m west of LVNP Well 30 

MC-2 12 m southeast of LVNP Well 48 

MC-3 14 m west of L VNP Well 28 

MC-4 4 m southeast of L VNP Well 45 between two natural channels 

MC-5 2 m south of LVNP Well 1 O 

MC-6 22 m east of LVNP Well 2 in depression south of Drakesbad Lodge 

MC-7 10 m north of L VNP Well 12 

MC-8 between LVNP Wells14 and 15, south of Drakesbad horse corral 

MC-9 14 m west of gravel road to Drakesbad Bathhouse on small rise 

MC-10 3 m east LVNP Well 147 

MC-11 6 m north of LVNP Well 144 

MC-12 16 m southeast of LVNP Well 63, west of row of trees in meadow 

MC-13 22 m west of L VNP Well 36, center of prograding fan 

MC-14 6 m west of LVNP Well 100 

MC-15 13 m west of LVNP Well 102 

MC-16 4 m northwest of L VNP Well 112 

MC-17 9 m southwest of LVNP Well 48 

MC-18 16 m west of LVNP Well 38 

MC-19 12 m east of LVNP Well 70 

MC-20 between LVNP Wells 73 and 72 

MC-21 42 m east of LVNP Well 76 
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Figure 1. General Soil Core Location Map* 
Hot Springs Creek Valley, Lassen Volcanic National Park 
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Figure 2. Soil Profile Location Map 
Middle Drakesbad Meadow, 
Hot Springs Creek Valley, Lassen Volcanic National Park 
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Figure 3. Percent Organic Carbon Versus Percent Clay, 
Middle Drakesbad Meadow, 
Hot Springs Creek Valley, 
Lassen Volcanic National Park 
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Figure 5. Aerial Photo Drakesbad Meadow, March 27, 2003 
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Figure 6. Drakesbad Water Tank Access Road Spring Complex, August 5, 2002 
Hot Springs Creek Valley, Lassen Volcanic National Park 
By Charles P. Watson 
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Figure 7. General Location and Thick ness of Paleosol P1 (Relic) Soils, 
eadow, Hot Springs Creek Valley, LVNP Middle Drakesbad M 
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Figure 8. Schematic: Fan I Floodplain Deposits and Surface Flow 
Middle Drakesbad Meadow, Hot Springs Creek Valley, LVNP 
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Figure 9. Charcoal-rich Horizon Map, Middle Drakesbad Meadow, 
Hot Springs Creek Valley, Lassen Volcanic National Park 
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Figure 10. Depth to C Horizon Map, Middle Drakesbad Meadow, 
Hot Springs Creek Valley, Lassen Volcanic National Park 
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Figure 11. Tephra and/or Kaolin-rich Horizon Map, 
Middle Drakesbad Meadow, Hot Springs Creek Valley, 
Lassen Volcanic National Park 
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Figure 12. Hypothetical Fracture and 
Paleo-Basin Map in Paleosol P-3 Time, 
Middle Drakesbad Meadow, Hot Springs Creek Valley, 
Lassen Volcanic National Park 
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Profile 1 - Center East-West Soil Profile, 
Middle Drakesbad Meadow, 
Hot Springs Creek Valley, 
Lassen Volcanic National Park 
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Profile 2 - South-Central East-West Soil Profile, 
Middle Drakesbad Meadow, 
Hot Springs Creek Valley, 
Lassen Volcanic National Park 
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North-South Soil Profiles, 
Middle Drakesbad Meadow, 
Hot Springs Creek Valley, 
Lassen Volcanic National Park 

Profile 3 
Western Middle Meadow Profile 

South 

12 -c T 
::. 24 
~ 
Q. T 
~ 36 

48 ~L 

MC-18 Soil Core Locations 

• Paleosol 1 (Relic) 

• Paleosol2 

D Paleosol3 - Paleosol 4 

__ Tephra and/or Kaolin 

De Horizon 

North 

- 12 

LJ ~~I- I J 4-24 

4 + 36 

Pentrated + 48 without recovery. 

0 0 

Profile 4 
Eastern Middle Meadow Profile 
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Appendix 1 

Soil Classification 

Appendix 1a. 
Modified Core Logging Format 

Appendix 1b. 
Diagram of Soil Texture Classification 

as per Percent Sand, Silt and Clay Ratios 
as per 

Field Book for Describing and Sampling Soils 
Schoeneberger, Wysocki, Benham, and Broderson, 2002 

Advanced Geologic Exploration, Inc. 
PO Box 2464, Lake Almanor, CA 96137 • Voice: (530) 5ga..3221 • Fax (530) 596-3221 • www.advancedgeologic.com 
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Appendix 1a - Soils Description Guide 

Soil horizon (0, A, E, AB, 8, C, R sequenced 1, 2, 3, etc. With modifiers a (high), e (med), i 

(slight)= relative organic decomposition, h = illuviation of organics, b =buried, p 

disturbed, g = gleying, t =clay illuviation (coatings, skins, etc..) 

Soil depth (interval from surface in inchesr 

PALEOSOL(e.g: P1, P 2, etc} 

Soil color name (dark gray, etc.) Munsel color: hue (e.g: 10 YR), value/chroma (e.g: 4/2) 

Texture (Sand, Sandy Loam, Loam, Silt Loam, Clay Loam, Cl)ly 

Percent sand/silt/clay (SSC) : [sand1%/[silt]%/[clay]o/o 

Moisture (dry, slighUy moist, moist, wet) 

Ped Structure (apedal, weak, moderate, strong 

Ped Slze (fine, medium, course, very coarse) 

Ped Shape (platy, prismatic, angular blocky, sub-angular blocky, granule)" 

Ped strength (loose, weak, firm, strong, ridgid) 

Stickiness (non-, slighUy, moderately, sticky, very) 

Plasticity (non-, slightly, moderately, plastic, verW 

Fine roots (trace, few, some, many, abundant), percent fine roots (e.g. 20%) 

Large roots (no, trace, few, some, many, abundant} 

Organic matter content (trace, few, some, many, abundant) 

Porosity (low, medium, higtj 

Iron stains (trace, few, some, common, abundant; motUed?, root casts1 

Coarse Sand (trace, few, some, common, abundant (angukar, sub-angular, sub-rounded, roundeq 

Gravel (no trace, few, some, common, abundant (angukar, sub-angular, sub-rounded, roundeq 

Pebbles (trace, few, some, common, abundant) (angukar, sub-angular, sub-rounded, roundeq 

Charcoal fragments (trace, few, some, many, abundant). 

Other items of interest . 

Lower boundary (sharp, gradual, irregular) 

Soil origin comments . 
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Appendix 1 b. Soils Classification and Lithology 

90 80 70 60 50 40 

Sand Separate. % 

Other clas8ificalions and fitho!opies 

1=~·~!~!~!~1H ilf-i'P!~i'!?iJl . 
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Appendix 2 

Laboratory Analyses 

Letters of Request and Laboratory Analyses 

for: 

• Bulk XRF Analyses of Clay Samples; 
Franklin & Marshall College 

• SEM Analyses of a Suspected Tephra Sample MC-13, 32-37" 
and Comparison of Regional Volcanic Sources; 
Western Washington University 

• Total Organic Carbon Analyses of Organic Samples; 
Oregon State University 

• Bulk XRF Analyses of MC-12, 31-33" Samples; 
Franklin & Marshall College 

Advanced Geologic Exploration, Inc. 
PO Box 2464, Lake Almanor, CA 96137 •Voice: (530) 596-3221 • Fax (530) 596-3221 • www.advancedgeologic.com 
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Advanced Geologic Exploration, Inc. 
Scienlfa"ls of the Earlh™ 

PO Box 18012, Reno, Nevada 89521 •Voice: (775) 852-0992 •Fax (775) 852-3226 • www.advancedgeologic.com 

February 6, 2003 

Dr. Stan Mertzman 
C/O Warehouse 
Franklin & Marshall College 
501 Harrisburg Avenue 
Lancaster, PA 17603 

Stan, 

Please find the enclosed samples for XRF analysis. The samples have been sieved to 40 mesh 
and I hope I have provided enough material for the runs. The sample numbers are: 

• BHA-1 
• BHA-2 
• DK-1 
• BSL-1 

As per your instructions, enclosed is a check for $140 ($35 per sample) for the service. 

If you could be so kind as to e-mail me the sample results at cwatson@addvancedgeologic.com 
and return any leftover material to the address above, along with a copy of the results. 

Thank you for your assistance with these analyses. If you have any questions or if I can be of further 
assistance, please feel free to contact me at your convenience. 

Sincerely, 

!f1'.;/:C 72' t£ ~ 
Charles P. Watson 
President I Chief Geologist 
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Dt:PARTMENT OF G EOSCIENCES 

S oeclmen I BHA·1 BHA·2 I DK·1 I BSL·1 

SI02 51.79 51.93 74.58 52.46 

TI02 4.40 4.53 1.16 3.84 

Al203 36.27 37.27 16.75 39.49 

Fe203T 4.20 3.04 4.05 2.11 

MnO 0.04 0.03 0.01 0.02 

Ma o 0.53 0.43 0.53 0.40 

Cao 0.68 0.56 0.27 0.22 

Na20 0.31 0.25 0.65 0.14 

K20 0.32 0.27 1.72 0.30 

P205 1.06 0.99 0.22 0.83 

Total 99.60 99.30 99.94 99.81 

LOI 14.98 15.06 l7.2l 16.71 

Rb 4.7 4 12.5 1.3 

Sr 726 699 684 449 

y 28.9 27.8 11.2 22.9 

Zr 368 409 290 369 

v 230 211 104 181 

NI 12 12 14 17 

Cr 101 99 31 103 

Nb 30.4 35.6 11 .2 31 .9 

Ga 40.9 42.7 25.3 38.6 
-- . . - ·---- - ·- · --

Cu 11 4 24 I 27 

Zn 
24 20 15 31 

Co 4 5 12 5 

Ba 2582 2496 1433 2026 

La ea 87 20 73 

Ce 236 227 46 189 

u 3.9 3.3 3.2 2.8 

Th 
10.9 10.9 9.1 10 

Sc 30 30 12 27 

Pb 21 20 17 23 

FRANKLIN & MARSI IALL C OLLEOE 

Tmr110N£: 717.291.4133 
P.O. Box 3003 LANCASTER, PENNSYLVANIA USA 17604-3003 

FAX: 717.291.4186 
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Advanced Geologic Exploration, Inc. 
Scientists of the Earth™ 

PO Box 18012, Reno, Nevada 89521 •Voice: (775) 852-0992 •Fax (775) 852-3226 • www.advancedgeologic.com 

Tuesday, April 15,2003 

Nick Foit 
Department of Geology 
Washington State University 
Pullman, WA 99163 

Nick, 

Thanks for your offer to look at my suspected tephra. Enclosed is sample MC-13, 32-37. for 
your review. 

If it is a tephra, I would like to go forward with a probe analysis, but let me know what you see 
first. Send me an e-mail asap. 

Also, I was wondering once a tephra correlation is made, can XRF be used to verify additional 
samples? 

I look forward to your results. If you have any questions or if I can be of further assistance, please 
feel free to contact me at your convenience. 

Sincerely, 

{!kr~/?~ 
Charles P. Watson 
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June 19, 2003 

Charles P. Watson 
President I Chief Geologist 
Advanced Geologic Exploration, Inc. 
P.O. Box 18012, Reno, Nevada 89521 

Dear Dr. Watson: 

We have finished the analysis of the sample you provided our laboratory. The sample 
primarily consists of clays and detrital minerals with a lesser amount of volcanic glass. 
The composition of the glass (Table 1) is fairly uniform and its composition is a very 
good match (similarity coefficient= 0.97) to that found in the Rockland tephra which is 
believed to be from Mount Lassen. Recently reported ages (See search output) for this 
tephra range from 0.41to0.47 ma. 

I trust this data wm be useful in your studies. If you have any questions regarding these 
analyses please do not hesitate to call (509-335-3093) or email (foit@maiJ.wsu.edu) me. 

I would appreciate it if you would provide us with location and depth information on this 
sample. Thank you for using our service. 

Sincerely, 

Franklin F. (Nick) Foit, Jr. 
Professor and Director of Microbeam lab 
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TABLE 1 . GLASS CHEMISTRY OF MOUNT LASSEN TEPHRA SAMPLE 

Oxide 

5102 
AJ203 
Fe203 
Ti02 
Na20 
K20 
MgO 
cao 
Cl 
Total** 
Number of shards analyzed 

Probable Source/Age 

Similarity Coefficient*** 

Sample MC-1 3 

77 .83(0.37) 
12.67(0.21) 
0.88(0.10) 
0.19(0.02) 
3.50(0.15) 
3.81(0.15) 
0.15(0.03) 
0.88(0.12) 
0.06) 
100 
16 

Rockland tephra 
0.41-0.47 ma 

0 .97 

* Standard deviations of the analyses given in parentheses 
** Analyses normalized to 100 weight percent 
***Borchardt et al. (1972) 
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Advanced Geologic Exploration, Inc .. 
Scientists of the Earth™ 

PO Box 2464, Lake Almanor, CA 96137 •Voice/Fax: (530) 596-3221 • www.advancedgeologlc.com 

Friday, September 12, 2003 

J. H. Huddleston 
Soil Science 
3017 Ag and Life Science 
Oregon State Univ. 
Corvallis, OR 97331 

Herb, 

Enclosed are 11 soil samples from the Drakesbad Meadow at Lassen Volcanic National Park to 
be analyzed for total carbon content: 

MC-8, 3-6· 
MC-8, 8.5-13.5. 
MC-8, 22-25• 

MC-12, 11-16. 
MC-12, 19-25" 

MC-13, 4.5-11" 
MC-13, 11-18• 

MC-18, 4.0-7.5 

MC-19, 5-9" 
MC-19, 9-14• 
MC-19, 14-21 

I probably needed these results yesterday, but as soon as you can would be fine. 

By the way, I have a tephra layer that underlies these soils and am having It looked at now. I 
believe we'll find these soils to be less than 3,500 years old. Remarkable, eh? 

Thanks for your time on this and I look forward to your results. If you have any questions or if I can 
be of further assistance, please feel free to contact me at your convenience. 

Charles P. Watson 
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OS / 27 ' 03 WED 09: 50 F.U: 541 737 5725 OSU SOIL SCIENCE ···-· ---·--

Sample 
Number 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

CENTRAL ANALYTICAL LABO RA TORY 
Oregon State University 

Herb Huddleston 
Crop & Soil Science 

St.bmitted: 6/24/03 
Gp 03427 

Lab c 
Number o/o 

03427.01 17.34 
03427.02 . 12.07 
03427.03 4 .92 
03427.04 8.49 
03427.05 5.40 
03427.06 9.85 
03427.07 4.42 
03427.08 8 .07 
03427 09 10.79 
03427.10 8.13 
03427.11 5.69 

N 
% 

1.11 
0.76 
0.27 
0.75 
0.44 
0.73 
0.35 
0.66 
0.50 
0.60 
0.50 

Department of Crop and Soil Science 

SOIL 

~001 
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Advanced Geologic Exploration, Inc. 
Scientists of the Earth™ 

PO Box 18012, Reno, Nevada 89521 •Voice: (775) 852·0992 •Fax (775) 852·3226 • www.advancedgeologic.com 

September 5, 2003 

Dr. Stan Mertzman 
CIO Warehouse 
Franklin & Marshall College 
501 Harrisburg Avenue 
Lancaster, PA 17603 

Stan, 

Please find the enclosed sample MC~12, 31-33" for XRF analysis. 

If you could be so ltind as to ~mail me the results at cwatson@addvancedgeologic.com and 
send me a hard copy with letterhead to the address above. 

Thank you for your assistance with these analysis. If you have any questions or if I can be of further 
assistance, please feel free to contact me at your convenience. 

Charles P. Watson 
President I Chief Geologist 



Major Element Chemical Analysis Via XRF For a Watson Sample. 
Major Element Data Are In Weight Percent; Trace Element Data Are in PPM. 

September 11, 2003. 

0 Page 1 

MC-12 

Specimen 31-33 

SI02 57.14 

Tl02 0.74 

Al203 17.15 

0 
Fe203T 1.90 

MnO 0.02 

MgO 1.05 

cao 1.23 

Na20 1.09 

K20 1.35 

P205 0.07 

LOI 18.60 

Total 100.34 

0 
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Soil Description Logs 

(also see Table 1. Soil Core Log Summary) 
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Advanced Geologic Exploration, Inc. 
Scientists of the Earth™ 
P 0. Box 18012 •Reno• Nevada • 895 21 · 8012 
Tel (775) 852- 0992 • Fu ( 775) 852- 3226 

Soil Description Log 
Hot Springs Creek Valley, 
Lassen Volcanic National Park 

BORING NO. BHA-1 TOTAL DEPTH: 43" DA TE: 9/10/02 TIME: Afternoon 

BORING LOCATION: South of Drakesbad Bathhouse, 

south side of Hot Springs Creek at stream cut 

ELEV A TION: 5570' 

WEATHER: clear, hot 

TEPHRA/KAOLIN: Yes DEPTH: Many QUALITY: good SPECIAL NOTATIONS: refusal at 43" 

CHARCOAL: Yes DEPTH: 26-28"QUALITY: good 

Depth I Uthology I Horizon I Description 

0.0" 

3" 

6" 

9" 

12" 

15" 

18" 

21" 

24" 

27" 

30" 

33" 

36" 

39" 

42" 

45" 

48" 

medium porosity; 1n1oe smrounded lo sublingUler coarse sand; no gravel; no pebb , trace mica; lhili (0.1--0 3') kiolin layer I' 

111 top boilndllry and trace kaolin day within liorizon. Gradual lower boundary. 

20A2ib11---------- - --------- - -------t 
• ZOA21b: Oeolh: 9 0.12.0-; Very dark gray (5 YR, 311), Organic-rich Silty Clly loam (SSC: 20'*'50%/30%); moist; weakly 

, ....... ., ........... ., .. , deY~. fine granular slrutfwe; ~; Sliilhttv~ p~ ebundanl line roots; llbtindant large roots, aknost a peat 
.. .. ... .. .. .. CCfl1>0Siian; slight~~; inaclilln Jl9l'OSitY; &OOl8 smlt>ll1ded m uanaular CXllll'88 sand; trace 8lbrotnled 
.. ., .. ., ., •., .... .,.. lo~ g111Vel; no pebbles; lrace mk;a; some fine kBolin day throughout horizon. "Sharp lower boundaly . . "" .. ""' 
"""" "".,,"'., 2BCvh 
.. ".,., .. " .. .,.,"., """l ~ 2BCVh: Oeolh: 12.0.17.o•; Vetv dark Ql1l'f k> r1111.11 gray (7.5 YR, 311 -10 YR, 711), KlolkHich Clly (SSC: 10M0"'70%); 
.. " .. " .. ".......... mo=aa~ly developed, inadlum sim8ngular ok>cky atrudura; firm; very stk:ky· plastic; many fine roots (10%), decreasing 
.. " ....... .,.,........ with lit; same larpe roolsj '°"! porosltY; week Yluvalial organic matter; few idiiwlded ID a~lar CXNll'S8 saiid; no gravel; 

no ; lrace nuca; fine K&011n clay lhroughout horizon, ilbundant flllm 15.5-1r forms grayish-white band, lrace ~Iv 
smill. Shelp lower boundary. 

slructule, strong I sticky, very P8*' few fine roots (2~··10% , dea B8Sil19 with deplh, soma lame roo!B, low porosity; 
3Cvh lrace INial organic mat!er n ~section; few sd>tounded to er mmie sand· trace smroundecfto smangullir gravlil; 

no pebbles; lrace mica, fine kaolin clay lhroughout horizon, aoma in liaht gray \10 YR: 7/1) kaolin-rich layeru; trace sulphur 
smilll; ())(jdalon of rcols and Iron mineials, mnlng some oxide mollles; few &mar charcoal fragments near base. Sharp rower 
boundmy. Buried kaolin-rich layer wilh weak soil development 1

111 J ~:: tit 17.~~.0"; P~O~ P3: ~ gniyish brown {7.5 YR, 412), Sf!tY C~ (SSC; 10%l'50%f40%l; .moist; ep~ , 

...... ., " .... ., .. ., ... 4AC _r i. 4A=. lh: 28.Q.31 s·, PALEOSOL P4: Light gray (10 YR, 7/1), Kaolin-rich Clay (SSC: 101!1/20"'70%); moisl;a 

., ...... ., ..... ., "., ", v • medium sd>anaularbkx:kvs1Jucln; stnxv; stidly; very~ fewfineroola (<2"41; few large roots; low 
" .. ".," .. ., .. " .. ". weak l!al organic madi!c; few suf>rounded to angUlar C08l'68 Sand; no gravel; no pebtiles; liace mica minerals; 
., ., " .. .. .. kaolin c:Wt ~ horizDn; lrace aqihur smel Sharp lower bct.rldary. Eroded kBciliHich soil with weak eoil davelq>ment 

Bulk XRf (BHA-1). 

''''''''''' ~~~~~~~~~~~ ,,,,,,,,,,, ,,,,,,,, , ,, 
''''''''''' , , ,,,,,,,,, 

TD43" 

_f • 3C2v: Depth: 40. 0-43.0"; Qayish brown (10 YR, 512~ Clay~ {SSC: 15%fj5%130%); moist; apedal.developed ~j 
3C2v Rong; slightly sticky; varyplari:; fewfinll roots (<2"4), ~ wltldeplh; same large roots; lowjlClltlSity; 60ITl88ti>IOIRHIO 

ID. U8nglllar CXl8l1l8 saild; some smrounded ID 6lbangular ~. lnct8asing Mth depth; one pebble at lower contact; IJ8ce 
lrica, tmca kaolin clay tlvoughoul horizon; some oxide rnotttes. Refusal at 4:3' 



0 

0 

Advanced Geologic Exploration, Inc. 
Scientists of the Earth™ 
Po Bax 18012 •Rena• Nevada• 895 11-80 12 
Tel (775) 852· 0992 • Fu f77 5) 852- 3226 

Soil Description Log 
Hot Springs Creek Valley, 
Lassen Volcanic National Park 

BORING NO. MC-1 TOTAL DEPTH: 32" DA TE: 8/02102 TIME: Afternoon 

BORING LOCATION: Drakesbad Meadow, south side of 

valley, north of Dream Lake trail cutoff, near Well No. 135 

ELEVATION: 5575' 

WEATHER: clear, hot, smoky 

TEPHRA/KAOLIN: Yes DEPTH: 29-32" QUALITY: poor 

CHARCOAL: Yes DEPTH: 10-29" QUALITY: good 

SPECIAL NOTATIONS: Refusal at 32". 

Depth I Uthology I Horizon I Description 

0.0" 
• 

0 __J 
• O: Deplh: 0-3.o·; PALEOSOL P1 =Veiy dartt gray (7.5 YR~1), Put S.ndy Loam; (S~C: 50""'.40%110%; dry; 

loose, apedal developed slrudll'a; jiebb l1C)n.plastiC; Bluldllll rooes; 111111)' large roots; tigh pon~~dy; few sUirotllded 
J ID sW!angular coarae sand; no gnMI; no les; gradual lower boundary. SurfaCe ofganlc horiZoli ID ftocid plain deposit 

3" 

6" 

----···----· ACI ---1 • =lh: 3 0-4 5"; Gl8yith brown (10YR, 5'2) Slit ~SSC: 30%/60%110%); :Yi; loose, apedel devel~ nucture; ·········--······------ · ; nan-pies~ many fine roots; few large ltlOls; parosttr; no Iron stains; n NNtiunded ID aW!ngular !Xlllnse 
LLLLL 201b---, sand; no gravel; no les; g1&dual lower bouiidary. ftOod plMl deposit 

I I I I I I 

·········--- ! • 20lb: Deplh: 4.5-6.0"; PALEOSOL P2: BtOMI (7.SYR, Sfl); ~ S8t Loam (SSC: 30%'60%110%); dry; loose, ~ ······----· ------------ 2Aihb -·-·-------- developed struclunl; nllfHlicky; n<Jni>lastic; many fine roots; large roots; slight cfecon'4J(l6iti of organiC mallef'; high 
------------ porosily; no gravel; no pebbleS; imlgUlllr lower bciundary. Part of an iirodenl cxganlc horizon lo a burled Soil. ----------· 

9" -·······--- 2A2hb ., • 2Alhb: Deplh: 6.0-8.0"; Dark ~1OYR,412) Slit Loam 'SSC: 30%/60%110%)~; loose, apedaJ develq>ed abuclure; no~ -----··----· --·-··· ---
--------·-- sticky; llOl\1>.lastic; manr h roo , ~ = roolB; sight kNial organic metier; porosity; some slbrouildad ID aUJangular 
·----------- coaraa sand, no gravel, no pebbles, mgu r basal bcilndary. I 

--------··· 
12" ·······----· 

e 2A2ihb: Depth: B.0-10.0"; Dark Gnly ~OYR, 411) Slit Loam (SSC: 30%/60%110%); ~loose, epadal developed structure; ------····· -----····--- 3Aih ·······---- non-stic:ky~ 1m1>laslic; lll!lllY fine mo : few~ roots; sight ilwial cxganic matter; t daco~ltion of ocganic meta; -----·----------------- hilt! porosity; common &Uxiulded ID aubang coarae sand; no gravel; no pebbles. lregular loWer boundary. 
-----------------------

15" 

18" 

21" 

------------ ~ 3Alhb: Deplh: 10.0-1s.o·: PALEOSOL P3: Gray (SYR, 511) SHt LOllll (SSC:~%); slightly mois~ weak. medium ............ 
~~~~~~~~~~:~ &ubangW!r b~ peels; slightly s~hlly P.lastic; some fine roolsi few large roots; sight iHwial organic mallar; slight 
_,,,,,,,,,,~ 3Bhb -, =tosilion :N,8J\IC ma!IBr, poroaily; lrace iron oxide slll11a; llOl'll8 oxidized root c:asls; few gravel • alringer al ,,,,,,,,,,, 

kip 11a1 , common su rounded lo aubangulilr coarse sand; no pebbles; few charcoal fragments. Grlldual kMaf' boundafy, ,,,,,,,,,,, 
~~~~'!~'!~~~~ 38hb: Depth: 15.0-18.0"; Brown (7.5 YR, Sfl~ Siity Clay Loam (SSC· 20%/50""'30%); aigh~ ma1st; weak, mecit.m 1UJanP1r 

blocky peds; afight ID modarale &ticky; ~ y P.lastic; soma fine room; lraca large roola; slight ilwial organic matter; bW 
~ty; soma iron oxide stains; &0me ox iiei! root casts; some NNtiunded ID sW!angulEir 1X1111&a sana; lraca U>IO\Rlad 

382b Ullngular gravel; no pebbles; few chM:aal fragments. Gladual lower boundary. 

• ~2b: Depth: 18:23"; Brown (7 .5YR, 41'2} Loam (SSC: 40%f40"""20%); 8ighlly ~ ~. ~ular blocky peels, sfighlly 
~~me fin8 roots; ll8oe large roots;=~ uon oxide atan; soma ized root casts; convnon 
&Ub lo ngular coarae sand, no gravel, no las; charcoal fragments. Gnidual lower boundary. 

2411 

27" 

,,,,,,,,,,,. ,,,,,,,,,,, .. ,,,,,,,,,,, 
~ 4Ab: Depth: 23-29°; PALEOSOL P ~Delk Brown f!w5YR· 3/'2); Clay Loam (SSC: 30%14°"'30~ moist; weak, apadal ,,,,,,,,,,, 

4Ab _J 
,,,,,,,,,,, ,,,,,,,,,,, daveq,ild strudure; s~lly sticlty; lly plasti~ fine roots; lrace lalga rools; macfium poros' ; no Iron stains; common ,,,,,,,,,,, 

subroUndad to aubangu coarse aaoo; no grav ; no pebbles; lraca chanxlal fragments. Sharp loWar boundary. ,,,,,,,,,,, ,,,,,,,,,,, ,,,,,,,,, .. , ,,,,,,,,,,, ,,,,,,,,,,, ,,,,,,,,,,, ,,,,,,,,,,, 

30" 

33" 

...... 
48Cb _J • 48Cb· ~ 29-31°; Light Bmwnish Glay (10YRe Tephr11ndlor Kaolift.rich Gnwlly S.ndy Clay Loam (SSC: ,-.·.········ ___ _ .... ¥ 

50""25 %t. slightly moist; w:ti:IDuigular ptids~ltf siclcy; non-plastic; lraca fine roots; lraca laige roots, ..,-.-.-.-.,,. 
C2 -

bw to madkln porosilY; few iron · slains; abunden Sub lo subangutar coerse aand; corrvnon si.Orouriled to 
I • • • • •I aubenguler coarse sand gravel; no pebbles; some dlarcoel fregmenta; abundent leplva andlor kaolin-rich material, mottled 

TD32" tame. r•ar lower bOundaly. OVelbank deposit . 

36" 

• C2: Deplt 31-32"; Light Brownish Gray (10YR, 6/'l); T~ •dlor ~ =t Loamy Sand (SSCt BOW1pW10%); 
dry; mixlra~ &Vong, apadal dev= struclura: non.sticky; non-plastic; no fine ; no laige roots; hlg poros1ly; few 
inin oxide s s; commoo gray el; bles; abundant tephra andlor kao&n-rich malarial. Rafus81 at 32". 

39" 

42" 

45" 
' 

48" 

I 
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Advanced Geologic Exploration, Inc. 
Scientists of the Earth™ 
P 0 . Bor 18012 •Reno• Nevada• 895l1 · 8012 
Tel (7751 852-0992 • Fu. (775) 852- 3226 

Soil Description Log 
Hot Springs Creek Valley, 
Lassen Volcanic National Park 

BORING NO. MC-2 TOTAL DEPTH: 25" DA TE: 8/02102 TIME: Afternoon 

BORING LOCATION: Drakesbad Meadow, south side of 

valley, northwest of Dream Lake trail cutoff, east of row of trees 

TEPHRA/KAOLIN: Yes DEPTH: 18-25 "QUALITY: good 

ELEVATION: 5575' 

WEATHER: clear, hot, smoky 

SPECIAL NOTATIONS: Refusal at 25". 

Tephra/Kaolin sample MC-2 22". 
6-8" & 

CHARCOAL: Yes DEPTH: 10-14" QUALITY: good 

Depth I Uthology I Horizon I Description 

0.0" 
LLLLLL 

0 
r •=th: 0-2.0-; PALEOSOI.. P1 cc): Dark tray (7.5 YR, 411), Piil Sa~ ~C: 50W40%'10%); ~ 

£LLLLL dlvelq>ed sbuclure; non ; ncn.plas ; iltiundanl fine IOOIS; ITll!l!1Y roo · high poros~; few sub 
I I I lo slD!ngular ma111e sand; no gravel; no pebbles; gradual lower boundary. SUrfaC8 organic hOrizoo lo ood plain depoeil 
-··-··--···· 

3" 

6" 

9" 

1211 

15" 

18" 

--··------- AC -i ····-------- e AC' Depth: 2.0-4 5"; Grayish brown (7 .5YR, 412) Slit Loam (SSC: 30""'60W10:Ji!Y; loose, epedal developed elnlclw8; -----------. 
- -------~ rlCJIKticky~laslic; l:t::: roots;~ roots; high~; some nded 1Dslm8ngumr coersesand; no 

'<LLLLLL 2AClb-, gravel; no s; gnidulll boundary. hcrizan m bx! pili11 deposit. 
I ,,,,,,,,,,, -. 2ACllr. Deplh: 4.5-8.0-; PALEOSOI.. P2: Bmwn (7 .SYR. ~ Organic-rich Slit Loam e: 30%'60%110%); dry; loose, ,,,,,,,,,,, ,,,,,,,,,,,, 

3Alhb l epedal developed sbucture; ~ non-plaslic stic; many fine roots; few ltlOls, slight decOmpOsition of ,,,,,,,,,,,, ,,,,,,,,,,, llllJ&nic matter. high pofOSity, 1race lo subenguls coerae sand; no gravel; no pebblea. ln19gular laWer boll1Clary. 
,,,;;,,,, ;; P1it of 11 eroded Organic hoiizDn ID flood plain deposit ,,,,,,,,,,, 

3ABib-
1 ,,,,,,,,,,, ~ 3Alhb: Oeplh 6 G-8.0"; PALEOSOI.. Pl: Very der1t lll1IY (7 .SYR, 311); Orga!tlc-rich. Silty Clay I.aim (SSC: 25'11J50'11n5%); ,,,,,,,,,,, ,,,,,,,,,,, !lrf; weak, weak!)' dev~ slluclure; medium sU)anlJUlar ~ ~; sflgh!ly s,:z; moderately r;:i; many fine roots; .~,,,,,,,,,, 

few le~~I DluYlal oiganic matter; s&ght dealmpo&i1ion cxganic matter; um poros~ iron oxide steins; ,,,,,,,,,,, aorne 8Ubanp8r ~sand; no gravel; no pebbles; 80l1l8 charnoal fragrrients. tionel lower boundary. ,,,,,,,,,,, 
~,,,,,,,,,,, 3Bhb -, fe3ABhb: Oeplh: 8.0-10"; Dari!& 411~Cll!J~: 20~%); elighBymoist; mdln. eF ,,,,,,,,,,,, ,,, ,,,,,,, , 

s1ructl;n. medium ~Jer peds; stiCky; tely plestic; many in8 ~ large roots; t ,,,,,,,,,,, ,,,,,,,,,,, organic matter; high pomsity; few oded ~ axne il&nd; no gravel; no . Irregular lower ry. ,,,,,,,,,,, ,,,,,,,,,,, 382b ..., 
~~~~~~''''' fe 38hb: Oeplh: 10 0-14.0"; 'lflly din "8Yish brown~ 312); Siity C~m (SSC: 20'1W'SO~); ~~moist; weak, . -.. - 4Ahb - ' ~dewlloped sbuclure; medium stbangularb~eds;a ; &igh!ly plastic; liCllle fine roots, few lllf1le rools; ..... ·.·•···· sligh llfDenlo matter, low= some u ID ular manse llliril; few subrounded lo subangulli' p.rel; .. "'"' - - no pebbles; few smal dlan:oal Is. lnegular lower boundery. ood plain deposit. "' . . . . . 

• • • • • 'II 
¥ • • ¥ • • 

' 

21" 

c1v 1 • 382b: Depth: 14.0-16.0"; Bn:lwn (7.5YR, 412); Clay Loam (SSC: 25""'35'11/40%); dry; firm, moderately developed structure; ••••• 'II 
¥ • • .,,, • • medilrn ingular bl~ pedsj li(jhlly sticky; mod8ra:'J, p!Bstic; some clay skins; feW fine roots; few l8rge roots; ~; . ..... ¥ 'II 

• • .. .,,, • 'II 
trace Iron oilde stains ilild oxidlz9d rool CBSts· some rwlded m ~cane sand; some subri>unded lo uler · 
ooarae gravel; no pebbles; few small charcoal frawnenlB; few tephra kaolfn.rich malarial, bmlng mottled lexllle . .,,, ••• ¥ • 

• • • • • 'II C2v---, Irregular lower boUldary. Basal soil horizon on ftoOd plain depoliit . . . .... . . . 
.... .... . . . .... . .. ~ 

24" ••••••••••••• C3v-1 C'P Wb: gith: 16.0-17.5"; PALEOSOI.. P4: Brown (7.5YR, 41'l); Ttpluundfor KaolltHfch Gmtlly Clq I.Olm (SSC: ....... .,,, 25"'35 ~'Iii); dry; firm, weekly~ slruclunl; meciim angular b~ peds; slighlly sticky; ~ plilstic; some • a a a. I day skins; few fine roots; 1race lilrge ; low porosity; tram Iron slllila an oxidized root casta; sub m sub= •• ¥ .,,, •• 

T025" 
cmiw sand; some sublOtrded k> iUJangular giavel; no pebbles; common tephra an4'or lcaoHrHich mallllrial, mollled . 
Gradual lower boundery. Old eroded sail. 

27" 

30" 

:. C1v: Depth; 17.5-20"; Brown (7 .5YR, 51'1); T~11·11nd/or l<lolln-rich Graw!~ Sandy loam (SSC: 60'll/30%'10%); m 
weak, weekly developed slruclLnt; fine gran peels; non_-4iliclty, non-plastic; ew fine roots; ~ roo= ID h =· some iron oxide stains· comon subrounded lo s=r mne eancl; common sib to a r gnsvel; leS; common lephia Wdior lcaolirHich material. I r lower botnlllry. Smal channel deposit 

33" 

.. C2v: Deplt: 20-23'; Light Gray (7.5YR. 7~ephni andlO!' KIOlln.ncti c~ssc: 40""2DW40%); dly; weekly developed llnlclure==-· ~m ta;~ ~11111 , lrllcefine roots; tram 1er1Je roots; lowm medilm • moa axlde s · · some sub to C08118 sand; few sublOtrded k> ~ar gravel; 
no pebb ; common tephia eOO/or lcaDliiHidi particles. Irregular loWer bomdmy. Reworked tephraboin depOSll? 

36" 

• C3v: Depth: 23-25"; U~t Gray (7.5YR, 7/1); Tephni Hdlor Klolln-dch =C!aY ~C: 40"'20W40%); ~weakly 
~structure; line gninUl8r peds, sfrl!nJJ!h: weak· :ii't:tt stiy; slighly feW roots· some large roo · medium 
m high ~ity; same motUed iron a>cide stains; ebiiiidan \eP.hra ai16'or rHich material, mottled texture; ebuiidant 
sub!Ounded lo subangular coarse sand; common subrounded ID subangular gravel; few aubrounded ID subangular pebbles. 
Refusal al 25". Chanriel deposit. 

39" 

42" 
I 

45" I 

48" 
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Advanced Geologic Exploration, Inc. 
Scientists of the Earth™ 
P 0. Box 18012 •Reno• Nevada• 89521·8012 
Tel {775) 852·0992 • Fu (7751 852·3226 

Soil Description Log 
Hot Springs Creek Valley, 
Lassen Volcanic National Park 

BORING NO. MC-3 TOTAL DEPTH: 22· DATE: 8113102 TIME: Afternoon 

BORING LOCATION: Drakesbad Meadow, axis of valley, 

north of Dream Lake trail cutoff, east of row of trees 

ELEVATION: 5575' 

WEATHER: clear, hot 

TEPHRA/KAOLIN: No DEPTH: n/a QUALITY: n/a SPECIAL NOTATIONS: Refusal: 22". 

CHARCOAL: Yes DEPTH: 4.0-14" QUALITY: good 

Depth I Lithology I Horizon I Description 

0.0" 

3" 

0 _J • o· Depth: 0.2.0"; PALEOSOL P1 (REU~ Dartc f1'tt/ (7 .5 ~. 411), Piil Sindy Loam (SSC: 50%140%(10%, di)'.; apedel 
,, devekiped struc:nn; loose; ~a ; non-pllistic plastic; abllldant fine rcols~IB; high porosity; no im 

slains, lraca slbrounded kl CXl8l1le sand; no gravel; no pebbles; gradual . SUrf8ce orgmc horizon 
k> ftood plain deposll .. 

6" 
3Behb J 

• 38ehb: Depth: 2.0-9.0"; PALEOSOL P3; V«Y dark brown (10, 312); ci.y [SSC: 10%/30%'60%); moist firml moderate 
developed structure; c:oenl8 ~ peds; V«'f ~very plaatic; some me roots; trace large rcols, shght II uvatial organic 
matter; modenite ~lion organic matter; porosity; abundant iron oxide stains; some aubniunded ID stba!lllulllr 
ooerse sand; nee sWOOnded kl tU>ilngular gravel; no pebbles; many chlll'COlll fre~IB. lmlgular lower boundaiy. Eroded 
so~ horizon d a llood plan deposit 

9" 

12" 
3B2ihbj 

• 3821hb: D,eplh: 9.0.14.~~ ~ blOWll (10YR, 312); ~11V'llly Clly (SSC: 10%115"'75%); moist; moderate 
developed illructure; m m p 1 atrength: fllTll; Y«'f 8ticky; very= few fine rcota; trace large rcols; ~ 
ilNatilll organic matter; slight clea>ir1>oailion at~ mellllr; loW poroa· ; few ion oxide stains; convnon a!Enlu kl 
subangutar cone sand; some urciJnded ID m~el; trace ufOlnled m U>engular pebble&; no charcael 

' fragments. Gntdual lower boundary. Moderately ~ &Oil on a flood plain deposil 

15" 
4Blhb .J • 4Blhb: Dep1h: 14 0-17.0"; PALEOSOL P4: Dei:1c brawn (7.5, ¥2~~SSC: 5%'10%1115%); moist; fir!n, mqderale ~. 

struclln; inlldium angular blocky pads; VftlY sticky; very plastic; roots; lrace IBrge rcota; sfight 1Uwatial orgaruc . 
alight dec:orl1>osition of organic "";!:i low porosity; lnlC8 in>11 oxide slains; some uiOunded ID idlenguillr COBn11t &1111d; 
nee subrouilded to &Ubeilgular g ; no pebblas; no charcoel fragments. lnagular lower boundary , 

18" 

21" 

4B2b J • 482b: Depth: 17.0.21.0"; Yellowish ~o YR, 514); Gra~ CSa~SSC: 25%1111%165%~ V«'f tim~rale 
developed struclurll; medum engU8r ped~; ~lie; !race fine roots; large roots; s. 
a>mmon iron oxide steins and mOHlilg; common kl lar cmrae sand; some urounded to a 
P.91; traoe urounded ID &U>angullir pebbles; no charcaal fragments. Gradule lower boundary. Some mptn encilor 

Ch ---. 
rich particles. Some acid leaching at minerals end grains. 

24" 
TD 22" 1 •Ch Depth: 21 .0.22.0~t browiish ~ra'f (10 YR, 612); Clayey G11wl {SSC: 15%'10"'75%); moist; vety firm, moderate 

developed structure; m migular locky peds; Vert sticl(y; very pteslic; nee fine roots; no large roots; low porosity; 
CDmmon iron oxide stains and mOtlng; many gravel; crebblel. Sll8IJI lower boundary. Some tephra end/Or kaolin.rich 
particles. Some acid leechilg al minerals and grains. material of e ftood plain deposil 

27" 

30" 

33" 

36" 

39" 

42" 

45" 

48" 
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Advanced Geologic Exploration, Inc. 
Scientists of the Earth™ 
P 0. Bu 18012 •Reno •Nevada• 8952 1-80 12 
Tel · (775) 852-0992 • Fu (775) 852- 3226 

Soil Description Log 
Hot Springs Creek Valley, 
Lassen Volcanic National Park 

BORING NO. MC-4 TOTAL DEPTH: 21" DA TE: 8/13102 TIME: Afternoon 

BORING LOCATION: Drakesbad Meadow, axis of valley, 

northwest of Dream Lake trail cutoff, west of row of trees 

ELEVATION: 5575' 

WEATHER: clear, hot 

TEPHRA/KAOLIN: No DEPTH: n/a QUALITY: n/a SPECIAL NOTATIONS: Refusal at 21". 

CHARCOAL: Yes DEPTH: 7-16" QUALITY:good 

Depth I Uthology I Horizon I Description 

0.0" 

3" 

_J • 0: Depth: ~3.0"; PALEOSOL P1 ~C>. Dtvl! .brown (7.5 YR, Yl), Pelt Sindy Loam (SSC: 70%/20'1(J' D%; dry; ;:-' 
0 deYekiped struclln; ":! no!Hticlty; noni>l&s!ic; aburidanl fine rools; many larile rools; abunden= maller; h 

~ =; some slbrou 1o ~lar coa11e sandj 1rac:e urounded ID uangular gravel; no ; gradual loWer 

·········---
nd8ry. Stll'faal organic horiml ID ftood plain depml . . . . 

............ 
AC -J' e AC: 0epll:I: 3.0-5.0"rfueBrown (10YR, .41'l) Slit l.oa'!I ~SSC: 5.%'70~~; moist; n:= deveklped 61ruchlre; loose; nan-sticky; I ------------::.-::::::.·:: nan:'fllallic; many roots'~~ roots, hig polOllity; some rolnled aa~ 0081'88 sand; no gravel; no 

pebbles; some sineH kaolin · . Ip lowai bOllldarf. Basal horizon lo toad plllil eposil 
6" 

9" 

12" 

15" 

18" 

21" 

~ 

~ 20ib -I • 201b: DeP.lh: 5.0-7.0"; PALEO~ P2: Black (7..5YR, 2.51v~lgln~ Sil Loam (SSC: 5"'"'75"'10%; maisl; ~I 
dsveqleil &lruclln; loose; ::=J ~ abundml roots; l!lll1'f large roots;=: maltllr deco111i0Sltion; 
modnle ~some s ID ulllr COllll8 sandhotrace sc.trouiidecl IDs r gmel; few slJ>rounded 

···: kl~ lea; gradual lower bollldary. Surface organic rim\ lo bllied peat horizon. 

2Alhb - e 2Alhb: t;>epth: 7.0-11.0"; Very dlli1t ~(7 .5YR, 311), SRt LOH1 (SSC: 20W600JJ20%; moist; weakly devel~ slruclura; 
!· week; atiglitly etid<y; non-plaStic; nl fine rooi!j some large roots; alight :r:ic matlar ~ilion;=t Dlwial 

Olgllnio metier; moderate porosity; some aubrcun lo subanjjular coerse ea ; llOlll8 ab lo aim er gravel; 

3A1ihb "1 
no pebbles; some chan:oal rragments. Grad1111l lower bculdarj 

·. • 3A11hb: Depth: 11.0-13.0"; PALEOSOL Pl: 08111 brown (7.5YR, Yl~rganlc Loam (SSC: 25"'"'50"'25%); moist weak, 
weekly~~ medium pads. s~n-pllisic; many roots; few~ roots; alight organlO matter 

3A2hb 1 ~; slight H • organic matter; ~ few <ildcized root casbs; slJ>rourlded to subangular coarse . sand; trace slJ>rcunded ID &lblingular gravel; no ; mllf1'f chatcolll fn9nen111. Gcadlllll lower boundmy . 

• 3A21hb: Depth: 13.~16 .. 0"; Dllrll browr) (7.5YR, Yl); Loam (SSC: 40'1(J40'lViQ1; f!IC>lst; ~ ~ struclun!: week . ':"'. :-. r· ':"'.•· : I 

···ir··• .. ····M:~ peds, s~th: weak; sticky; non-plastic; many fine mots; few large roots; =:=1 organic matter; miadium porosity; few 
~:-~:.j.:.1.:.1.: .• · oldclzed ~ ccnmon &lbrounded ID~ COBnila&llfit; some ID libengular gravel; trace aubrtXJndad 
·:·:·: • : •:• kl albangular lea; many charcoal fnlgments. Gradual lower boundary. i.:·r:-r-:-r:+:r:r. : Cllh'L ~ ................. 

• CHh: Depth: 16.G-2~.o·; ~ (7.5YR. 413), Gravelly Sindy Loam go'l(J1p%); ~loose, ~I developec;t ~:.j.:.j.:.~=-~=-~ :. 
.:.~:.;.:.~:..:..:.r &IJuctunl; ll001llastic; non-stickj; some fine roots; trace r: roots; s ilwial Olg8nlC matter; h pol08lly; few I/Oil oxide , 

stains, abundant sub111Unded lo aba11gular COlll1l8 111111d; undanl lo 8ubengular gravel; some alJ>rounded ID 

TD21" 
llUbangular pebbles. Refusal at 21". F10od plain p818RI malerial. 

24" 

27" 

30" 

33" 

36" 

39" 

42" 

45" 

48" 
~ 

i 
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Advanced Geologic Exploration, Inc. 
Scientists of the Earth™ 
Po Box 18012 •Reno• Nevada• 89521-8012 
Tel (775) 852-0992 • Fu (775) 852-3226 

Soil Description Log 
Hot Springs Creek Valley, 
Lassen Volcanic National Park 

BORING NO. MC-5 TOTAL DEPTH: 39• DA TE: 8/15102 TIME: Afternoon 

BORING LOCATION: Drakesbad Meadow, thalweg ELEVATION: 5575' 

southwest of Drakesbad Lodge. WEATHER: clear, hot 

TEPHRA/KAOLIN: No DEPTH: n/a QUALITY: n/a SPECIAL NOTATIONS: Refusal at 39". 

CHARCOAL: Yes DEPTH: B-14" QUALITY: good 

Depth I Lithology I Horizon I Description 

0.0" 

3" 

6" 

9" 

12" 

15" 

18" 

21" 

24" 

27" 

30" 

33" 

36" 

39" 

42" 

45" 

48" 

, L ,, ,, L L - - ~ O: Deplh: 0-2.0"· PALEOSOL P1 (REUC): Omit brown (7.5 YR. 312), Puty Sandy loam (SSC: 70%/'l0%/10%); dry;~ 
, L L L ,, ,, 0 develciped sbUclUre; loose; non-dcky; nOl'l-plastic; abuildent fine roots; many l8file roots; abundant organic mallet, high 

POfOSity; trace slD'ounded ID subaliiular COlllB8 sand; treat rolllded b mngular coansa gravel; no j)ebbles: trace rilica 
_____ ::~:::::::: AC --, inlnerals. Gradual lower boundary. Silfaca Olganic horizan to llood plain deposit 

''''''''''' ,,,,,,,,,,, ,,,,,,,,,,, 
'''''''"''' ,,,,,,,,,,, ,,,,,,,,,,, ,,,,,,,,,,, ,,,,,,,,,,, ,,,,,,,,,,, ,,,,,,,,,,, ,,,,,,,,,,, ,,,,,,,,,,, ,,,,,,,,,,, 
~,,,,,,,,,, 

AC: Depth: 2.0-4.0"; Dark IJ.8Yish brown (10YR, 412) Slit lollll (SSC: 5W70~%); moist epedal developed 61nJclle; 
2Alb 

1 
loose; non-etickvi ~ lllll1Y fine roots; many large !00111; mdln porosi1y; no gravel; no pebbles. liregular lower 
boundary. Basal horizon b QfaQe llood plain depoall 

t • 2Alb: Depth: 4.0.0.0"; PALEOSOL P2: Dark brown (7.5YR. 312), Organic SRty Clay LOlm (SSC: 10""60%/30%); moist; 
8lledal developed strudllra; loose; non-sticky; non-plastir, abu'ldanffina roobi: ll'l8fl)' large roots; moderate organic mallar 
Oeoompositioo; modetale patollity; no Iron stains; trace gravel; no pabbllls; PIU8i kMer fiotaidary Eroded surface of burled 3ABehb "'""'so1 ...... ______________________________________________ ....,....,_.,...,--t 

'1 i. 3ABehb: Deolh: 6.0-14.0"; PALEOSOL P3: Dark grey (10YR, ~). a.y (SSC: 10'11/40%'50%); s!91lly moist firm, moderalel)' 
developed structure; moderalely A!l"tJ subangular bklcky peds; YefY sticl(y; plestic; abundailt firia rools, decra8sing with 
depth; some large rools; moderale illuVial Dfllllnlo matter, moderate organic matter decon1>!JSitiorr low porosity; some Iron 
oxide stains lnaeasing with dilplh, oxide mottling at base, few oxidizlld root ~soma sibroinled ID sibarigWar gravel; 
no pebbles; Ina chanx111I frllliments: some kaolin partides. Gradual lows bou . Eroded ftood plain deposit. 

4B21ghb • 19 4821ahb: Oeplh: 16.0-24.0"; Dartc ~h brown (tO YR. 4121; Grawlly Clly, (SSC: 30"'20%'50%); moist; weekly~ 
strucTure; we8k angularbtockY P.!ICJS; sticky;_srighlly plastic; few fine rools; lrllea large roots; slight RIUvlal ORllll\lc ma!ler; slight 
organic malier dac:Oqlosition; s&ght orga~ matter deconJ>osition; mediln po!Olily; axnmon ion oxide slaina and molding, 
common oxidized rootcasls; a:mnongleying; common ldinMlded ID ~gmel. lens al23-24"; tracepeilbles; same 
kaalln particles. Gradual lower bolnlaly. SaSal soil on a tood plain deposit. 

r ie c11r Oep!fi: 24.().3().0"; XaHowishbrown (tO YR. 5.14); Clay Loam, (SS~: 40%'30~%); ~t apedal develc)ped structure; 
Cig _J sl~tly sticky; non-plastic; trace line roots; lrllce 1a1ge rools; low porosity; llbuldant iron oxide sla1ns and mottling, common 

oxidized root Casis; common glaying; common subrounded ID 81i1111gUlilr coan;e sand; common subroundad rotlndad to 
&JJ>angu]er gravel; trace al.t>nluridad to uangular C08l88 pebbles; soma kaolin partic:les; Ina sulfate a>atings (?). Irregular 
lower~ ' 

ii!lijl~jj!jj!jjj!· r- • C3: Depll: 36.0-39.0"; Yellowish bltJwn (10YR, 5.14); GmlUy Loam (SSC: 50%/40%/10%); moist; apadel davelq>ed nucti.n; 
~j~j~11!!jl!!il!!l C3 ___. non-pl8slic; llCllKticky; soma fine roots (7%); few l8iga roots; high pcllO&i_ty; tew icn slails, abundant Sli>roonded to 8lEangW. , 
~:ll!!:!rlit!~l!!!I!!: C08nl8 sand and gravel; soma urouridecl to sl.t>allgular coansa pellbles. Refusal: 39". · 

TD39" 
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Advanced Geologic Exploration, Inc. 
Scientists of tlle Earth™ 
Po. Box '8012 •Reno• Nevada• 89521 · 8012 
T1L (7751 852-0992 • fax (775) 852· 3226 

Soil Description Log 
Hot Springs Creek Valley, 
Lassen Volcanic National Park 

BORING NO. MC-6 TOTAL DEPTH: 32· DATE: 9/5/02 TIME: Morning 

BORING LOCATION: Drakesbad Meadow, southwest of 

Drakesbad Lodge. 

ELEVATION: 5570' 

WEATHER: clear, hot 

TEPHRA/KAOLIN: Yes DEPTH: 13-24" QUALITY: poor SPECIAL NOTATIONS: Refusal at: 32" 

CHARCOAL: Yes DEPTH: 6-14" QUALITY:good 

Depth 

0.0" 

3" 

6" 

9" 

12" 

15" 

18" 

21" 

24" 

27" 

30" 

33" 

36" 

39" 

42" 

45" 

48" 

I Lithology I Horizon I Description 

L L L L L L ___J • 0: Deplh: 0-tO"i PALEOSOL P1 ~: 08111 !>fown (7.5 YR. 312), Peat S.ndy l.olm (SSC: 70MO'K.'10%); my; &pedal 
, L ,, ,, ,, L O develciped 1111UC111!8; '°°!'8i nolH!icky; non"fllastic; abuildllnt line roots; many laige roots; llbllldant orgentC 11111tter; high -----·:::. =~~ ~~ m°°9no:T ~~=~rolllded lo aubarguBr CDll1118 gravel; no pebbles. Gridual 

:::::: AC --. - AC· Oeplh. 2.D-4.0"; Dar11"8Yis/1brown(10YR,4121 SHt l.olm (SSC: 5%165"'25%); moist; apedal deveq,ed slructln; 
-:::::: loose; llOIHlticky; non-plaStic;-many fine roots; 11111ny large roota; medium pomslty; no iron slans; aome ~to 
:-:-:-:-:-:- 2Aehb 1 rdwiaular COlll1l8 sand: no cnwel; no Dlilbles. lmicUar lower liomdiw. . 

19 2Aehb: Deplh: 4.0-7.0"; PALEOSOL P2 Osk brown (7.SYR, 312), Sit Loam (SSC: 25Mi0"'115%); moist; weakly dBY8lcped 
~-----------------+-----1 sbuclLre; WeMly formed gnirdar_peils; loose; slighltf sticky; llClfHllaslic; ablnlm!tfilerools; many• roots; moderale 
,. :::_·_-- • - - • - ilwial organic 11111W; moCleralB ~ orgenic matter; moderalB porosily; sd>nmded ID smengular CX1a111e aand; 
:-:-:-:-:-:-:-:-:-:-:-: 2A2ehb l trace llltiounded to eubanglB COB11e pvel; no pebbles; gradual lower bW'lilaiy. 
--------·-- • 2A2ehb: Depth: 7.0-10.0"; Cl8l1c brown (10YR, 313), Slit Lomn (SSC: 25%l60%/15%1; stiahllv moist; weekl'/ developed 
- • - - • - • - • - - strudunt; weakly formed granular peda; allength: weak· sliahllY' sliclrr, non-plastic; abtnfanf fine roots; feW lalge roots; 
• - • - ---:-:-:-:-:-; Bahb ~te 111~1 organic matter; rrioderate ~ or9anlc metier; moderate~ few iron oxide stain& Increasing 

-- - • - • 2 1 will depth, few ron root casts; acme Slbounded ID SlbmigUlllr coarse sand; no gnivel; no pebbles. Gnidual lcJWtw boundarj. 

-----· - 281hb: Depth: 10.0-13.5"; Delkreddilhbrown(SYR, 317), Sl!tY<;lay I.mm (SSC:_20""'55M5%); slklh~~· I; weak!'/ 
dsvelcped strucm, wmk ~blocky peda; moderalBfY a~. slVllYi>laslic; sane fine roots; few rools; sane 
illwial organic mallllr; moderate P.OOJSity; ablindant mollled iron stains aild common Iron root cas~; some lllll1ded ID 

3ABe hgbi sd>angul8rCD11rse aand; no gMI, no pebbles; small chan:oel fnlgments et 12", "sooty" basal section. Sharp lower bot.ndary. 

l ie 3ABthgb: Depth: 13.5-18 IT; PALEOSOL Pl: D111k reddish bRMll (5YR, 312), Clay (SSC: 10"'30MO%); moist; moderately 
~ ~; medi1111 angdar blocky pads; fi!m; Vfll'1 s!idcY; veryjllaSlic:; some fine ~ts; trace~ mom; moderate 
bial Ol'g&lllC malW; abundant d8Cl0!Tlp089d <11ganc rneUer; loW porosity; ebtnlant motlled 1rt1n oxide aleins end common 
axidiZed root casts; ~,rmin alema; &Orne swaunded lo al.Oangular tlBlld; llace aubroonded to subangular gravel; some 
pebbles; common QIQln pertiC:lei. Giaduel bwer botlldary. 

,1 • 3821hgb: IJeP.lh: 18 .0-2~~.i.. Gnrtish brown (2.SYR, sr.?l, Clay (SSC: 25%/15%l60%li_~ moderalel'i developed struclin; 
3B21hgb mediuiil ~ pwzij very Blic:ky; mOderatalv pliistic; IOlll8 fine roots; trace aye roots; slight flluvial organic mattes; 

moderalll org_anic matler; kiw pornsity; minlent malled iron oxile Bfllils and common Oxide root an; convnon 
gleying; some undeO ID S\bangular ooerse iand; flM subnu1ded ID &Wanguler CDllll8 gravel; few Slbminled ID 
subangular pebbles; lnlCe chalCOlll fragments; ebundant kaoin piricles. Gradual lower boundaiy. 
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Advanced Geologic Exploration, Inc. 
Scientists of the Earth™ 
PO Box 18012 •Reno• Nevada• 89521·8012 
Tel (775) 852-0992 • Fu (775) 852· 3226 

Soil Description Log 
Hot Springs Creek Valley, 
Lassen Volcanic National Park 

BORING NO. MC-7 TOTAL DEPTH: 34• DA TE: 9/5/02 TIME: Afternoon 

BORING LOCATION: Drakesbad Meadow, axis of ELEVATION: 5575' 

meadow, south of Drakesbad horse coral. WEATHER: clear, hot 

TEPHRA/KAOLIN: No DEPTH: n/a QUALITY: n/a SPECIAL NOTATIONS: Refusal at 34" 

CHARCOAL: No DEPTH: n/a QUALITY: n/a 

Depth I uthology I Horizon I Dncriptfon 

0.0" 

3" 

6" 

9" 

12" 

15" 

18" 

L L L L L L r le o=· th: ~2.0"; PALEOSOL P1 (RB.IC)' Dark Brown (7.5 YR, 312), Put Sindy t.o.m (SSC: 70"'20%110%); moist; 
, L L L L ,, 0 - developed abuclura; loose; notHdcltv; rion-plasti:; ll1uidanf fine roots; meny large roots; abundant organic matter; 

1 porosity; some subroundad lo a~ngufl!" C08IS8 sand; bace aubl'culded lo slbangu!ar 1XJ11111e gravel; no pebbles. 
:::::.". A Ch --, Giadual tower bOllldmy. Slllfaca organrc horizDn ID ftood plain deposit 

~ 2Alhb: Dl!plh: 3.5-6.0"; PALEOSOL P2: Vety dakbror.ln (7.5YR 2.512). ~le-rich S~ aay L01111 (SSC: 1~}; 
moist. !pedal dllvel~ ~; loose; slightly sticky· l110dal8ll(lly plaatic; Sltl1dant ~ roots; many large roots; slight 

281ahb illwation of ~anlc malerial,;._'!!Oderate oraailic matter ~n; modaiata porosity; bace subtoUnded to ad>ar9Jlllr ' 1 coarse gravel; no pebbles. \:J1111dual tower Tioundary. 

L le 2Bahb=. th: 6.0-10 o·: PALEOSOL P3: Very dark brown (10YR, 212}, Organlc-rtch Clay (SSC: 10%12~}; sliahtly 
11t111HrM11ttit-Milt-----t moist; developed BlrucU'e; week subahaular bklcky Peels; very stil*.Y: vary plaslicj abundant fine roots; IDl1llt irge 

~ 2B2ahb IOO~i_~ nt illwlal orgam.: metier; abundanl organic mat& decomposition; lc7.v porosity; sane iron oxide stan and 
• mo-111. ina8esing with depth, soma oxlcized root casts; 110111e subrouilded to IUbailgular coarse sand; few Btilrounded ID 

• • • • • • • • • • • subengular coarse gravel; no pebbles. Sharp lower bomdmy . 

• _._._._._-:·:·:·:·:·:·· e 2B2ehb: Oeolh: 10.0..12.0°, Black (7.5YR, 2.511), Orga~lc-rich G~ Cay, (SSC-30W10'llJ60%}; moist; modaralaly 
·::::::::::: 3Aahgb- ~ m.ctura; week angular blo!:kY peels; very atidtf. vary ~lie; ab~I fi1a cools; some la!'ll8 roolll; llb!n'ant 
•••••••••••• illuvialOrganic mattar; abundant organic matlllrdacoqJOSition; medium porosity; someirun oxld8 alairis and mo!Mq, soma 
• • • • • • • • • • • • oxidized root casts, common uroilnded to aubangular coarse sand; corm100 slbrounded ID Btilanaular ooarae gnMll; no 
• • • • • • • • • • • pebbles; cammon mica mi1l81Bls. Sharp lower bouridary. Sand Jena with pedogenic over print Sand blOw? Smal chlmel7 
······:::::: -----·· ie3Aahgb:Depti:12.~16.5";PALEOSOLP3"V~dark~~.5YR.Jl2};Qrganlc-richSltloem,(SSC:5'MJIM/t5"); 

moist; weakly developed structure; week ang!Jar Peels; sticky; weeJW plastic; some fine roots; some large roots; 
:::::::::::. 3Blhb • abundant ikMal orv.anic matler; abwldant CJ!U811ic deconipo8jticn, decreas1ng with depth, mottled appeerance; low 

21" 
• • • • • • • porosity; few Iron oliide stains and mollf111g, few oxidized root casls; common atema; trace Slilrounded to d>angular coarse 

:::::::::::. sand; no gravel; no pebblas; some mica minerale. Gradual lower boundary. P0niled waler depo&it (?) on flood plain. ' 

2411 

27" 

30" 

33" 

36" 

39" 

42" 

45" 

48" 

Iii" .... ._.--;,;;·-•·o1t-- --.... iw- 3Bihb: Depth: 16.5-22.o•; Dark Brown (10YR, 313): Sltlolm, (SSC: 15W60Wl5%); moist; weakly~ atrucUa; 
waak~blockypeds; Bllahltt ridlY; moderately~ scmafina roots; fewlmge mots;_lllOdarllte illwi8I organic metier; 
deaeas111g to Z8IO Will1 deplh Wifl mottred ~;sight aganic mallllr deco111>05ilio11; iow porosity; fllw iron acide stains 

4Bhb and ltlOl!ll1g, some iron root casts; lr8oa gleyingdeaaasing to ZlltO will dec>lh; some sd>romdad ID sd>angular coarse sand; 1 trace subroUnded to BUbangu!ar coem gravel; no pebbleS. Gradual lower boirldary. Ponded water deposit on ftood plain. 

... __ _., __ _..il9 ... 4Bhb: Depth: 22.~26.0"; PALEOSOL P4: Brown (7.SYR, 41'1); l.olm, (SSC: 30%145%125%}; moist;~ devalq>ed 
,: !': !': !': p: !': ! stJUctura; weak 8!19Ular ~kicky J>Ods; &lightly sticl<y; ~ ~;few fine roots; trace farge roota; sfilihl RlwiBI organic 
: !': !': ,.: p: !': ! Ci matlar; low porosdy; few~ Oilde stains and mol1fing naeasang with ~th, soma oxide root casts; common slbot.llcled 
; :: :: :: :: :: ! I kl slbangutar coarse sand, few smrounded to subangular coarse gnwei, no pebbles. G111dual ~boundary . 

• • • • • • I •• C1: C3'>1h: 26.0-29.0:; Brovm a.SYR. 4/J); Gmelly Loamy Sand, (SSC: so,.'10'llf10%);.molst; apedal developf!d structura; • ·. · .-.-. · .-, =non-plastic; IRIOll line rools; IRIOll large roots; liisll paoiiity; l8w ran ame slzlils, mutidant subrocixled m 
• • • • •• •• • • • • , coaraa sand; ablnlant ldKounded ID~ coarse gravel; f!lw stAJnmded lo aubangtJar pebbles_ Gradual 
iiiiii.~~~~~--ary-·~~~~-~---~~~~-~~----~~~~~~ 
'· •. • . • . • . • . 1 1 • C2: Qepth: 29.~2.o·; Brown (10YR 4/J}; Grawlly Sand (SSC: 50%140%110%); moist; apedal develq>ed slnJclura; non-
•• •. • . •. • . • . 1 plastic; nolHllicky; some fine cool&, few 18rge roots; high porosity; few iron oxide stains; abundant Btilroundad to s~ular 
• • • • • • • coarse lllllld; abundant subrocnfed lo Btilangular coara8 gravlli: some &U>rolllded to sabangular coarse pebbles. RefUsal 

at34". ' 
TD34" 
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Advanced Geolog;c Exploration, Inc. 
Scientists of tlle Earth™ 
Po. Bu 18012 •Reno• Nevada• 89521·8012 
Tel (775) 852·0992 • Fu (775) 852· 3226 

Soil Description Log 
Hot Springs Creek Valley, 
Lassen Volcanic National Park 

BORING NO. MC-8 TOTAL DEPTH: 31• DA TE: 915102 TIME: Afternoon 

BORING LOCATION: Drakesbad Meadow, north side of 

meadow, south of Drakesbad horse coral. 

ELEVATION: 5575' 

WEATHER: clear, hot 

TEPHRA/KAOLIN: No DEPTH: n/a QUALITY: n/a SPECIAL NOTATIONS: Penetrated to 40"; 

sample slipped out of corer >31" 
10" & 

CHARCOAL: YES DEPTH: 22-29" QUALITY: good 

Depth I Uthology I Horizon I Description 

0.0" 

3" 

6" 

9" 

12" 

15" 

18" 

21" 

24" 

27" 

30" 

33" 

36" 

39" 

42" 

45" 

48" 

....... It"'!~ O ___J • O: Depth· ().3 O"; PALEOSOL P1 (REUi:): =darlc bl1Jl!ll (10YR, 2/2), Put SRl Loam (SSC: SW75""'20%); very moist; 
~ developed structure; looee; iloo-etiCky; hlly plastic; ilbundlrll Me roots; 6Cllll8 lanJe IOO!s; S>undant oillaniC matler; 

~ high P.Qr08itv; bace frcn oxide lllllils; lnlce a to Uangular gravel; no pebbles. Gradiial lower boundary. Pea~ aLlface 
cxganic soil liorizon ID allwial fan. 

I"'~~~ ... ! ... ~ ... ). 2Qahl>--- • 20ahb: OepVI: 3.0-6.0"; PALEosql P2' .Black (10~. 211) Mucky Put Slit Loam (SSC: 20%165%115~); Vf!IY rr!OiSt ll>8dal 
..... 'C; ... . .... ... developed llnlcture; loose; llDIHlicky; slightly plastic; many me roolll; some larga roots; moderate llkNial orgamc mStfsr, 

,.l.,.l...,l .. l.,.l,,l fomling weak mottled~; ab~t ~ mganicmatler, ~ ~: lrace in?;n oxide stains; some qular 
ti~ coarse sand, no gravel, no pebbles. Gradu&l lower bolnlaiy. l OC: llC-8, 3-6 • 17.34%. 

llllll .... ~ ':l:t ~ 301ahb -.. • 30tahb: Deplh: 6.0-8.5"; PAIB>SOL P3: Black (7.5YR, 212), Muclly Loam (SSC: 25%l50"'25%); 11ll11hlly moist epadal 
'>. '"'l. '"'l. '>. ,, developed sfructure; loose; sliJlhlly stiliy, &lightly plastic; many me rools; acme !mg& roots; abundlinl UltNilil Olgllllic matter; 
.. ... abundilnl decon1losad 11g11ruc manar; soma angular ID st.t>arigular coarse sand; lrace angular ID idlangiAr gravel; no 
l ~ "l ~ l - pebbles; trace mica. Gradual lower boundary 

"t"''). "':t "l ~ -
~ ~ "l ~ -l'"), 302ahb- • 301.ahb: Deplh: 8.S.13.5"; Black (10YR, 211), Mucky Loam (SSC: 35"'50%/15%); slighlly mois1; apedal develqled s1ruc1ur__ej 
'""l ~ "l Y' l'"l loose;. llOIHllicky; slightlv plas)ic; 111811)'. fine rools; many large roots; abtnlant Uh.Niel organic ma lier; abundant daco~ea 
ro "l. ... "':t ""). - ~ matter;.inoderafe ID high poro111!Y; ~ CXJBllle angular to Uangutar sand;~ ~lar to subangular gravel; no 

... C ~ _l... las; few ma.~ lensal 11·12 with abundant large roots;woodlragmentat 10. Gradual lowerboUndary. 
l '), l oc MC-8, a.s-13 s·. f 2.07%. 

r"il~ ~ "".:l "). '") • 
""l -l~ ~~":I .J • 303ahb: Oeplh: 13 S.,?!:_ ~ (7.5)'R, 211 ); llucky f:.oam, (SSC: 35%/45%/'l0%); vary mmt weakly clevelo!>ec!_ strucm; 
,.. _ ,, .., ~ ~ weak angular blocky~; aliqhtly sticky; weakly pllislic:; abutldanl fine roots; soma targe rools, common 8119·"20", abundant 
,.. l ... l ... l ~"':t '") 303ahb luvlal organic: "!Blier, bming inllinaeiv mollled eppearanoe tfew non-oiganlc mollies); Bbundant ~ed ~ matter; 
,.. ... '>-... ~ . ... modeiale poros1ly; sane coarse angular ID atangular sand; treat angular ID &UJangular gravel; no pebbles; feW 1111CS. 

:-. l ~ :-. :-. G!adual k7Ner bOOndary. 
"'l~~~~~ 
""t"':t~~~~ 
r"" ..... "'C;.'"1111 ........ 

'"'l. ~ ~ ~ ... l... 401ahb ..I • 401ahb: Deolh: 20.0.22.0"; PALEOSOL P4: Black (2.SY •. 2.5111; lludly ~Loam, (SSC: 5W75""'20%); very moist weakly 
... -..; "' ,-..; . -..; '>-.,. devalq>ed slructiw; W8ek qular blocky pads; slighMy sticky; WeeJct/ p&aslc; abllldai!t fine roots; many l8fue roots; abundarit 

~ t i ihNial organic matter, fanning inlflnsetf mollled eppearanca (few nOri-«ganlc mottles): moderate poroeity; no Iron stains; 
l '>- l l oome COlll"88 angular lo UiBngular saild; trace angular ID at.igular pwil; no pabblas; few mica minei"als. Gntdual lower 

,.... -l~~~~ boundary. 
~--l~'~... t--~----~~~------------~~~~----~----------~~~~--1 
~ ~ ~ ~ ~.. 402 hb J i. 402ehb: Depth: 22.Q.29.0"; Black (SY, 2.5/1); OrgHIHlch Siity Clly Loam, (SSC: 5%/60%/30%); moist; weakly developed 
"'). "'t ~ '"'l."' - e Wuclln; W!'ak llllllUlar blocky pedS; 1101Hliiiy; WBak!v J>!astic; ilb~t ~ rools; some I~ roots; common iltNlal avanlc: I 

"\ ~ "l' ... ~ metier fomling rnof!led appearance lhl!I ~wit. depth, illLMBI otg8lllC CXlfllent dacleising by half by 24°; modrite 
""l ""l l ""l ~ daoompose;cl OlglllllC matter; low poros!ty; no iron lllaln&· lnlce ldJround8d ID subangular ooanie Sand; no gtllVal; no=; 
"'). ""l "').. '"). .... '")_ f8w mli:a minerBls, abundant chaia;Jal fnlgmanls itVDUghOut layer. Gnidual lower boinlary. Organio soil hOrizon to lain 
'")_)..)..). ~ ~ deposit TOC: MC-8, 22·25" • 4.92"/o. 

- - - - - - ~ - - - - ~ Penetratedto40" 
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Advanced Geologic Exploration, Inc. 
Sclentfsts of the Earth"" 
P. O. Box 18012 •Rena• Nevada• 89521·8012 
Tel: (775) 852·0992 • f&J (775) 852-3226 

Soil Description Log 
Hot Springs Creek Valley, 
Lassen Volcanic National Park 

BORING NO. MC-9 TOTAL DEPTH: 25• DA TE: 915102 TIME: Afternoon 

BORING LOCATION: Drakesbad Meadow, south of ELEVATION: 5570' 
Drakesbad Lodge. WEATHER: clear, hot 

TEPHRA/KAOLIN: No DEPTH: n/a QUALITY: n/a 

CHARCOAL: No DEPTH: n/a QUALITY: n/a 

SPECIAL NOTATIONS: Refusal at 25" 

Depth 

0.0" 

3" 

6" 

9" 

1211 

15" 

18" 

21" 

24" 

27" 

30" 

33" 

36" 

39" 

42" 

45" 

48" 

I Lithology I Horizon I Description 

, , L / / L o "!' O: Oep1h: D:-!:5:i !~OSOL P1 ~C): Dark brown {7.5 YR, 312), Put Sandy loam (SSC: 60'KJ30%.'10%); dry; apedal 
I I I I I , dllv~ &U"111:11JR1j_~: non-sticky: non-plastic; eburidant fine~: many taiga roots; ebundBlll organic matter; hlilh 
·::::::::::: pcrosily; trace.RXJnl!l'U ID ldlanaular Cl08f1e sand; 11'8?1 raunded ID U>angUlar gravel; no pebbles. Q8ifual bMlr bouricfary. 
• ··-• •••• •• • • Swfacit orgaruc horizDn an CNer=benk er eolian deiooeil 

•••••• AC ----i ·:::::: ~ AC: ~th: 1.5-5.0-; .Dart brown U.5 YR, 312), Sitt Loam (SSq: 30%t60~10%); diy; lll8dal ~ struc:Ue, loose; 

· · ·--·-···­-----------· ........ ••.. 

non-stidlv; non-plastic; abundant line roots; some lalge mols; '191 porosity; some rnunded ID &Ulengular mne sand; trace 
niundad fO sub8ngular gnwel; no pebbles. Shatp la.Ner boundllr)'. 

-:-:-:-:-:-:· 2ACb -J • 2ACb: Dept.: 5-10.S-; PALEOSOL P2: 8IOwn (7.5 YR, 4121, Sit l.olm (SSC: 20"°°%.110%}; dry; weakly develq>ed, 1Xl81118 
• • • •• • gninular slrucue; loose; non-sticky; non-plastic; abll\danl tine rocls; some targe roota; hlgll porosity; no iron stains; some 
·:::::: '°"1ded to~ caine &and; lnlce rounded ID stmengular gravel throughOut horizon; nopebbllis; lnlce lcaofin particles. 
• • • •• • • Shelp lower bourfdary. 

·:·!·:-!-:·i-:;-:+:·i _J • 3A1b: Dep1h: 10.5-13"; PALEOSOI. Pl: Derk brown (10 YR, 313), Sandy loam (SSC: 55%.'45'111.i%l; dly; epedal developed 
-:·i·:i-:·i·:-!-:t:·i 3A 1 b micture; loose; non-etic:ky; non-plastic; many fine rools; few lariie roolll; high parosity; IJace roundecf ID angular coarsa sand; 
-;·j·:·j·:·!·:·j·:;·:; trace IOUllded lo subangular gravel; no pebbles. Gradual lower "boundary. 

!-··········· 
• • - • • • • • • • - sllucllre; 'loose; non-sticb; n · some fine roots; lnlce laraa toCJ18· ~ POltlllitv; aome rDunded ID 8tbangUta-muse 
• ••• • ••• •• • 3A2b ___J • 3A2b: Dee>th: 13-1&.s·: Darll=.5 YR. 412), SAt Loam (SSC: 30%.'60%110%); dly; weekly deveklped, fine granular 

~-•• : : : : • : .-.- sand; trace rounded ID sdie ar gnwel; no pebbles; trace kdn peitli:les. Giadual lilwer boundary 
-------·-·· · --·····-------·····----•••••••••• : 3ACb ~ • 3ACb: Depth: 1s.s.21·; Brown {7.5 YR, 5n), Sit Loam (SSC: 30""'60%.110%); dly; ~ develq>ed, fine granularslructure, 

·:::::. · loose; norH1ticky; fmi>lestic; some fine roots trace lerge roots; high pCIOSity; no llOll stains: some IWllled to subangular 
marse aand; trace rounded to subang\Er gravel; no pl!bbles; trace k8olin p8rticles. Sharp lower boundary. 

·::.-.-.-~ 

TD25" 

_J • 4ACb: Deplh: 21-2ri.~ALEOSOL P4: Brown (10 YR, 513), Gra~ Slit l.olf1' (SSC: ~%.110%1: dly; moderately 
"ACb developed; modenlay developed, slD!ngular~ awctJra; inn; sigh~ aticlly; non-plastic; some fine roota; lnlce large 
• roots; fneldllMn porosity; some rnollled ircn stails; mnmon IOlnled lo 81QW coarse saild; common rounded ID ~ular 

gravel; !race pebbles; 8Qllle kacin particles. Refusal at 25·. Eroded buriell eoil with a moderately develq>ed soil pnilki. 
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Advanced Geologic Exploration, Inc. 
Scientists of the Earth™ 
PO Boz 111012 •Reno• New1da • 895 2 1·8012 
Tai (775) 1152·0992 • Fax (775) 852· 3226 

Soil Description Log 
Hot Springs Creek Valley, 
Lassen Volcanic National Park 

BORING NO. MC-1 o TOTAL DEPTH: 12.5" DA TE: 9/10/02 TIME: Morning 

BORING LOCATION: Drakesbad Meadow, N lower ELEVATION: 5565' 
meadow, between bungalows 3/4 and 5/6 on upper slope. 

TEPHRA/KAOLIN: No DEPTH: n/a QUALITY: n/a 

CHARCOAL: No DEPTH: n/a" QUALITY: n/a 

WEATHER: clear, hot 

SPECIAL NOTATIONS: Dry surface 

conditions; refusal at 12.5; two cores. 

I Depth I Lithology I Horizon I Description 

0.0" 
LL//LL o-1 '9 = G-2.0"; PALEOSOL P1 (REUq; Vf1f'/ Cacti Brown ~. 2.511), Pelt Slit LOlllft (SSC: 15%175= moi&t; 
l./LLLLL deYelaped mamt·, looee; llCIHlticky; non-plastic; ab\nllSlt fine roots; el>undlWlt lalga roola; ~ ; some 

subnXltded to 11119ular coine sand; no pebbles_ lnagular lower boundary. &nice OfUlllllc sOil horizon alluvial . 
···-·······-

3" 

6" 

-······-··· ........... . ...... ........... ..... 
le AC: Depth: 2.0·7.5", Derk-= (10YR, -411) Slit Loam (SSC: 15"'60'11125%); Ill~ moist weakly formed granular peds; · · · · ·······- AC__J ----------- bose; ~ sfighlly stic; many fine roots; :'3: large roolll; rnediuri lo h CoOIOBity; llllll\8 subangillar ID~-·::::::::::.-. ............ .. ...... come sand; trace eUbailguar to angUlllr callH grav ; no pebbleS. lmigular lowir undliiy. Basal sal hOrizon to wial 

---··------ fan . .......... .... 
······ ···--
······ ····-

9" 
le 2Ab: Depth: 7.5·10.0"; PA~SOL ~ Dark Gray (7.~R, -411.,:. Loam (SSC: 10%175"'115%); ale moist weakly ------------ 2Ab __, ------····· -----------· dMltplid ~~ = stir:Jcy; slislhl!Yj>Jaslic; llllllY ram; rew ~ modenltitoti:= ; trace~ ·::::::::::: -·········· b 8l9iar marse ; no Ills; some mu:a flilkas; g181bll lcwel' bol.rldary. slrilat b · alluvial fen sod. 

12" 

15" 

:::i~i:::~::~~:~~~ 2AC1b-, 
~ 2AC1b: Depth: 10 D-11 s·: Dark Gray (1DYR. 4/!lict"dy Loam (SSC: 60%'30%'10%); atighdy moist weakl'f developed 

ii"iii"iii"•li"iiii iil 2AC2b-, struclln; Weekly formed granular peas; sightly ; noni>lastiC; abundant fine rools; feW large roots; m~ty; 
r~·?~.::....::a"h:·!::•i raw lrun axide s1Bins~ Oxidized root casts; mmmon Slbiriguler lo angular ooine sand; lrace 8lbanguler ID c:oan;e 

TD 12.5" I gravel; no pebbles. lower bomdary. 

le 2AC2b: ~th: 11 .5-~Datk = -5YR, 411), Gnwlly Sindy Loam (SSC: 60%'30"'110%); sl:tdy moist weekly 
dMloped ~ I dev srrucue; dghltf ~ plaric; lllf!le file toOts; lrace rge roota· moderate 
to hQl ~ iron oxide stains; axnmon ~to mne sand; common sli>angulm to ai9ilar coarse 
gravill; no . Refuslll at 12.5". 

18" 

21" 

24" 

27" 

30" 

33" 

36" 

39" 

42" 

45" 

48" 

! 



I 

c 

0 

Advanced Geologic Exploration, Inc. 
Scientists of the Earth"" 
P.O. Bax 18012 •Rena •Nevada• 89521 · 8012 
Tel {775) 852-0992 • Fu: {775) 852·3226 

Soil Description Log 
Hot Springs Creek Valley, 
Lassen Volcanic National Park 

BORING NO. MC-11 TOTAL DEPTH: 27• DA TE: 9110/02 TIME: Afternoon 

BORING LOCATION: Center of Lower Drakesbad ELEVATION: 5570' 

Meadow, 20' north of Drake ditch, near well #144 WEATHER: clear, hot 

TEPHRA/KAOLIN: Yes DEPTH: >12" QUALITY: poor SPECIAL NOTATIONS: Refusal at 27" 

CHARCOAL: No DEPTH: nla" QUALITY: n/a 

Depth I Lithology I Horizon I Description 

0.0" 

3" 

6" 

,,_,,,,,,,,,, 
0 ___, i. O: Depth: 0-1.5"; PALEOSOL Pf ~): Dark ·~~1), Puty Slit Lan (SSC: 30'1!r'60%/10%); dry~ 

I' I I .If devekipad &lrucllre; loose; non-llicky; noniJlaSlic; t rool&; many= roots; abundant organlC ma • high .:.1.·:.:.:.:.: ACh - ~ 1raca ~ to subanglilr coarse send; lraoe rounded to 61.t>ii CX>lll18 gravel; no pebbles: trace mica. ········ ·: ·: lower boundmy. SUrface Oljjanic horizon to flood plain deposit 
20ehb., £LLffL 

- AC: Depth: 1.5-3.~ (10YR, 411) Sindy Loam (SSC: 50%140'.1'»'10%);,&lighltf ~~~developed slructure; :::::::::::: 2AClhb' laoue; rDHticlty; many fine roo~ny large rmta; slight illwial : matter, high paosily; a:mmon sti>runled ,,,,,,,,,,, 30Aehb- to 11bangular co11111e Sand; no grlivel; no las: trace mica. lrregulllr lower undary. 
I I 

9" 

e 20ehb: Deplt: 3.0-4.0"; PALEOSOL P2: Vary ='7·~1~lc-rldl Sitt lol1ll (SS.C: 30%'60'11J10%); moist; 
apedal deYilqled nucue; weak; lllXHlk:ky; ; ab I roots: many large rool&; slight ilwllll organlC matter; 

3ABlhb moderate= matter~ mOdanlta to moderala poltl6ity; soma Urourided to slbangullll' ooana sand: no 
gravel; no . : gn1duel lowtir ary. 

12" 
e 2ACthb: Depth~ 4.0-5.0'; 081l! gray (7.5YR&!'1), Slit LOllll (SSC: 30%/60%/~; &llgh!fy mois~ week, spedal davelq>ed 

structure: non-sticky; non-plastic; abulldent roots; many lmge rool&, alight orgilnlC matter; mocler8= matt« 
....,, ............ deconPtlon: model'llla b high porosity; ccmmon smrolndeCI b smangular CXlllr&a sand; no gravel; no : irregular . . . . . .. lower li<uldary . .. v ...... . . . . . 
• v • • ..,. • 

15" 
. .. . . . . • 30Aehb: ~th: 5.0-6.~; PALEOSOL P3: Very dmk PJish brown (10YR, 312); Org11111;.dch Sil l..olm (SSC· 20'llJ70%110%); ........ C1vh-..... ..,. .. slighltf mcis~~ daveloped subangillar b~; ncn-eticky; ~c; common line roots; comm~ ......... 
.. v .... "II roots; Slight. ial OlglDl maller; modarU Of!Jll!li: ~. porosity; lrace smrounded ID ¥ • • ... • • .. . .... . .. "" coarse a8nd; no gnivel; no pebbles; lnlce mica. Gradual lower bcllxlary . . . . " . . 
y '¥' ••• "' 

18" 
. . . . .. . 

• 3ABlhb: =5-12.0'; Dmlc gniyi&h brown (10YR. 412); Sit ~C: 5'llJ90%/5%); 6!ftl!'ler, moist; moden1tely developed ••• ¥ • . 
• y ••• '411 subangular ID block peels;~ 110f111lasticr some e roots decnlesing WI th; trace large roots; model'lllB 

• ¥ .. • • • iluvial organic matt«~ wilh dep and ilbn..,iY &lqlplng al 12'; moderate oiganic melter~; medium ~ ...... 
v ... • • • • 

• .. • • v .. blow porosity; trace ID U8ngular coarse sand; no gravel; no pebbles; trace mica. Sharp lower boundary. . . . . . . 
21" v ••• y .. ... .., .. 

24" 

• v v •• 
• Cfvh: OepCh; 12.0-18.o·; ~fOYR, 6/~ra andfor KaoilMfc:JI Sift Loam (SSq: 1~'l!r'60~%}; slighltf ~t ...... 

C2v --v •••• ., . . . . . epedal developed slruclure; ; dcky; : 1n1ce ma "='~nee large roo1&; trace iHtJYial :C: matter, dllaee~ ., ..... "" With depth; low ==-aoma 1111181 pores; lraco 1111111 iron • stains; same &Ubrounded k> angular C08IS8 sari.«, ...... 
Ii- ••••• " dKtll.llded ID gnivel; no pebbles; comman kaalil particles; CX11M100 teptva (7), no apparent &trailicalion. Gradual . "' .... 

¥ ""' •••• lower botnlary. Upper rneinber of re-worked l8phra deposit . ... . . . . 
Iii' ""' •••• • 

27" 

. . . . . . .,. . .,. ... 
- • C2v: ~: 18.0-27.0"; Light gray~· ?11); T!flhra an~ KaoUn-fich Slit Loam (SSC: 30'l!r'60%/10'."); &lighltf ~ . . . . . . 

• v v •• epedel eloped strudu'e; fim; 81ickY; aligh~stie; trace fine rool&; trace leiga roots; law poros~ common s 

TD27" 
pol'e!I; CX1111mon &mllll Iron oxide steins Bnd mOtlleS ( · ~iron minenlls?); some subrounded ID ~uler coarse 
Sand; aome &Ubrounded ID '::::.C gravel; smrounded ID gular pebbles al base; CX1111mon kaalin pa · ; common 
lephra; no eppinnhtrUficBtioo. Ual lowarbollldary. L.awermembar kl '9-WOdled 1l!ptra depo&il Refusal am•. 

30" 

33" 

36" 

39" 

42" 

45" 

48" 

I 
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Advanced Geologic Exploration, Inc. 
Scientists of the Earth™ 
Po 801 18012 •Reno• Nevada• 89521 · 80 12 
Tel (775) 852-0992 • Fu (7751 852-3226 

Soil Description Log 
Hot Springs Creek Valley, 
Lassen Volcanic National Park 

BORING NO. MC-12 TOTAL DEPTH: 42· DATE: 9/10/02 TIME: Afternoon 

BORING LOCATION: Drakesbad Meadow, northwest 

middle meadow, south of water tank, on prograding fan. 

TEPHRA/KAOLIN: Yes DEPTH: 25-31"QUALITY: good 

CHARCOAL: YES DEPTH:72}t;42&QUALITY:good 

ELEVATION: 5580' 

WEATHER: clear, hot 

SPECIAL NOTATIONS: Penetrated to 48": 

unrecoverable >42" 

Depth I Uthology I Horizon I Description 

0.0" 

3" 

6" 

9" 

12" 

15" 

18" 

21" 

,_,...,.llt'llJ~ O --.J le O: ~ ().3.5"; PALEOSOI.. P1 (RELIC): Blade (5YR. 2.511), Put Sit Loam (SSC: 208b70W10%); aaturated; epedel 
dev~ slnJcl1lre; io,oee; non~ii:ky; llOl\1)1e&lic; ebtnlBnt fine rooll; abundaril la1119 roots; abllldailt Ollllllllc matter; hiQh 
JIO!.OSill; trace rounaea to~ coarae Slllld; no gmel; no pebbles. Gradual loWer boundary. Peat d, surface crgeruc 
Boil honznn to ftoodpleln depoait 

._,......,~~ 02ih - le 021h: Depth: 3.5-5.5"; Dellt Reddish Brown (5YR, 2.5'2) Pell SRt Loam (SSC: 10~%'10%}; saturated; apedel deveklped 
slrudln; week; f'!C!'H~ non-P.lastic; mllll'f fine roots;_~ndant largo roots; sight illtNial oiganic matter; slight organic 

..,. ..... ~"'tlllM 201ahb 
1 

matter dec:ompoadion; higli porollily; no gravel; no pebb1e&. Gnidual lcM'W bCU1daly. 

l"9 2011hb Deolh: 5 5-7.0"; PALEOSOL P2; Black (10YR, 211), Put Slit Loam !SSC: 20"'70%'t0%)j aatulllted; epedaJ 
develf;Jped sfructure; looae; no~; non-plastic; many fine roots; abundant rarve roots; some illlNlal organic matlsf; 

...,.,.....~ ... ~ 202ahb 1 abundilnt organic trdar ~; high porosity; no gravel; no pebble8. Gnlduel lower boundary 

~~;;=~--...Jli. 202ahb: Depth: 7 .0-11.0"; Black (7.5YR, 2.511 ), Mucky Put l...olm (SSC: 40~%'10%); saturated; apedal deveq,ed 
• slnu:lure; loo&e; llOIHlicky' plastic; many fine roots: ebundanl lasue roots; some iluvial Olgllllic matler; abundanl Olgllnic 
~ l. l. ~ l. ~ matter deoomposllion; meoiUm to hlah pi>tosity; no frOii stains; some angular to subroooded coarse aand, no gravel; no 

"":). "".\. "".\. ~ "".\. ~ Debbles; trace charooal fragments. Siini1 fanmi thin layers within uni~ peih8ps Indicating m~le ftood events. Irregular lower 
"'ii "':I.~ ""i~ "") 301ahb1l boundary. 
~":.."""l. ... · ... i") 
~ ~ "".\..., · ""i ~ le 301ahb: Dei>th 11 0-16 5"; PALEOS;OL P3; Black (2.5Y, 2.511); Mucky Loam, (S~: 25W~W15%); saturated; ap~ 
"'ii "':I. "':I. "':I. "':ii ""l developed alrucUe; week; ~lly sicky; plastic; many file roots; some~ roots, 11~ at bale; abundant iauvial 
~ "). "). ~ "".\. "') organic matt«, moderate ocgelllc matter dilcomposition; Increasing wit. dei>lh; high to medium poro&lty; ffSW stbangular to 

fiUblWlded COllnie sand; no gravel; no pebbles; trace mice; some chllrooal hclrilnta. Sand foims lhin layers wilhil tlli~ 
... : ••• : ..... _..____ lndcatingmulipleloodevenfil Shaip kiwerboundary. TOC: MC.12, 11-16-8.49%. 

·:·1-:i·:·i·:++ : 302
h -,, le 30211: Depth: 16 5-19.5"; YfilY Dartt Brown (10YR, 212); Sindy loam. (SSC: 75"'5~~)i saturated; epedaJ deve~ 

slruc:Ue; loose;~ BtictY: 9t,1itf plastic; many hi IOOls; hoe la!ge roots; hoe .,.,... organic mailer, mecilm to high 
"" .......... "').... . .... porosity; slighl iron oxidation &tails, tliilhl C»ddalion wilh boundelv haloft, some angular to Slbi'ounded coanie sand, no 
,..i. .. a. .... "'l,"'l~ ... 1 ~;no pebbles. Unit Is botllded by lwo thin C081!18, wel sorteiJ, angular to rounded sand layers, with few roots. Two &and 

f 
I 

>.. ~ ... >....: .. 1 injedicn events Into lalenll spreading aheer planes (?}. Shaip lower boumary . 
..,..,~i,....,..~i...,..l 303ahb1t--~~~~~~~~~~~~~~~~~~~~~~~~~~~--t 
~ "i. ... ""l. ~ ""t i. 303ahb: Depth: 19 5-25 o·; Black (10YR, 2.511); Mucky Loam. (SSC: 15""60'l!J15%); moist; apedal developed structure; 

24" 

27" 

30" 

33" 

3611 

39" 

42" 

45" 

48" 

"'l. ~"' ":.. ~ ""t medilln linTI, slightly stidcy; plastic; many fine roots; some large rools; abundant lltNial 011111111C matter, decr~lo mollles 
"" :.. ~ "').. ""l":\ with depl!l; llburidllnt organic melter ~ilion; high to rriedUn porosity; no hun oxide stains; traoe · ID 
~ ~ ~."'l.., ... subnxllded coerse aanil, no gravel; no pebbles; few m1CB.. Gradual lowerbOundary. TOC. MC.12, 19-25. 5. . 
,,,,,,,,,,, La • 
~~~~~~~~~~~ j f'W' 38CJib: ~th: 25.().31.0"; Darit Grayish BrtMfl (10YR, ~; Tlph1111n!flor kaolin-rich ~y I.Olm, (SSC: 50'llJ15%1'JO'!lr); 
~~~~~~~~~~~· 3BChb ~ rnodenllll··.:...• taty ~alopedtters~; ~~rdblcickvth ix! j>eds~lraceslightly lllas'!C: ~~ roolllints; some largelarroo!Sto; 
''''''''''' mo....... .,...., orgMIC ma near -Y• ... u, epth; 1ciw ,....-.,;_ niollled llOl'I wuua a s; soma angu 
~~~~~~~~~~~ subrwtded ooanJe aand, no gravel; no pebbles. Gradual lowerboimdary. t1&-WO!ked tephra andlor kaolin with soil cwerprinl 
''''''''''' ''''''''''' ''''''''''' ,,,,,,,,,,, 
''''''''''' ''''''''.'''' 
".,".,".,"., "., ", c1 h ~le C1vh: Depth: 31.0-33.0"; ~ish Brown OOYR, 5l2}j!~1111ncUor klolln-dc:h Clay Loam, (SSC: 15."'60%125%}; molsi; . 
".,".,".," .. • .. •, v eoedal deYelqled structure;~ sighltf stidcy; non.p , trace ine rools (1%); 80mlllalge roots; traoe muv1a1 organic matter 
~, ~= ~, ~, ~, ~1 (1~); low POIOsltv; trace Iron stains; soma angular coense sand, no grMI; no pei>bles. Gradual lower b<u'ldaly. fine. 
·:·i·:t:·l-:l:-r:-: Piled c1egrac1ed teplva. 
~t1·:·~ Cv2 --,_1-le-CV2:-.-. Ol!P-ti:-_- 25-0-3-1-~-: Oalk-Gray-ahati-. E ~--(1-0YR,_4/'2_)-;T_eph __ nHich--SlllCfy--~-=--· sancUsilllclay-.---.(S_SC_:_50_W_~5-'ll/30%)--;-t 
••• : ••• : •• .:-: • ..;...; moist; &tn, alightlv sticky; very plastic, trace fine lllOI& (2%),L ~ liqe n>ols, low , no gravel; no pebbles, some 
.:.!.:.!-:.~~ dlan:oel fragriienla. lfnlilular kiwllf boundary. lntsrbedded me sands ilnd clays · re-wCrtced teplVll. 

TD42" 

C3 -:. 9 Cl: Oeph 31.0-37.0", Light Gmybh Brown (10YR. 413); Slnd, (SSC: 90"'-i1Jfir'5%}; moist; eoedlll develaped structure; loose; 
non-eticltv, non1)111stic; trace me l1Xll3 (1%); traoelarga rools'lh?1~ily; trace iron olildiulllilt and oxidized grains; 
abundanf angular C0111S11 sand, no gravill; no pebbles; large cnan;om fragnienl Giadual lower boundary. ! 

I 

_ _ _ _ _ _ _ _ _ _ _ _ Penetratedto48" 
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Advanced Geologic Exploration, Inc. 
Scientists of the Earth™ 
P 0 . Box 18012 •Reno •Nevada • 8952 1·80 12 
Tai (7751 852- 0992 • Fax C775) 852·32 26 

Soil Description Log 
Hot Springs Creek Valley, 
Lassen Volcanic National Park 

BORING NO. MC-13 TOTAL DEPTH: 37• DA TE: 9/10102 TIME: Aftemoon 

BORING LOCATION: Drakesbad Meadow, northwest 

middle meadow, south of water tank, on prograding fan. 

TEPHRA/KAOLIN: Yes DEPTH: >22" QUALITY:v.good 

ELEVATION: 5580' 

WEATHER: clear, hot 

SPECIAL NOTATIONS: Dry surface 

CHARCOAL: YES DEPTH: 11-18" QUALITY: good conditions; unrecoverable >37" 

Depth I Lithology I Horizon I Description 

0.0'' 

3" 

6" 

9" 

12" 

15" 

18" 

21" 

2411 

27" 

30" 

33" 

36" 

39" 

42" 

45" 

48" 

..... ~~M 0 ____r ~ 0: Deplh. 0-4.5"; PALEOSOL P1 {REUCl: DBlk reddish brtMTl (5YR. 3'1). Put Slit Loam (SSC: 20%'65%'15%); div; aoedel 
,; develilped structure; loose; non-sticky; sl'tghlly plastic; abundalit fine rools; some large rools, generali'f ~1ng Iha lower 
.- boundllly; ebundant crgalllC matter: hiah porosdyi. trace lo soma iron oxide stains; trace angulal: to W>a/9M.r ooeme sand; 

no gravel; no pebbles; trace mim. Gralluill lower ooundary. Degraded peel. surface organlC soi horizon ID aUwial fan. 

I. ...... 
1. '"l. ~ ~.. 20ahb -t :. 20lhb: Oeplh: 9 0-11.0"; PAL.EOSOL P2 Black (7.SYR, 2.511 l, Mucky Loam (SSC: 35'11/45'll/l0%); moist; lll>Gdal develcped 
~, "".\ ... 1. '")... atructure; loose; slightly sticky; sighlly-fllaslic; many fine roolii; some large rools, moslly et the loWer bouiidaiy; abundalit 
l2~~:S~"'"'~--~ iluvial wganic malB; ablrld8nl «rw1IC maller deaiflt>osilion. modilln k> hid! pcm;ily; some angular m subrOunded coarse 

- - - ... Band, trace angular to smroundecf gnwel; no pebbles; trace mica. Gradlllll IOWer bouildllly. ---·-- --_ _ _ _ r • 20Alhb: Depth: 11.0-18.0"; Vwy darll brown (10YR, 212), lluclly Gl'IVllly l.olm (SSC: 351llJ50%'15%); moist; weakly 
k"-~<-:~ 20Aahb J developed slrudure; medilln, "8fllllar b stbangular blOcky pads; ti19hfj slicky; Plastic; many line roots. abundant al i.wer 

----
--

boundmy; some I~ roots; al:illldlnt illuvial ocganic ma!W, dllmasilg wilh depth; abllldant oiganic maller ~; 
mediun ID low poro8ity; common angular kl sU>rowidad C08l1le sand, CX>mmoll engWllr lo subrounded cnvel; few anauler 
ID aimmunded pebbleil; trace mica, llOl'n& charcoal fragments. Gradual lower bOlllClaly. TOC: MC-13, 1l .B-18.0" - 4.42%. 

r • 20A2ehb: Depth: 18.0-22.0"; Very dark gray (7.5YR, 311); Orgllllc-rich GJ.IW!ly Clly Loam, (SSC: 35%125'11/40%); llK!is1; 
20A2ehb' modenllely ~ struc1ure; fnn, smangular ~ pedi; sticky; plastic; many ma roots; few large roo1s: &Oma lllwial 

cxgaric matlier, deC:nlasing wilh deplh; rnodaiBllll organic mellar clecon1XJSition; loW porosity; CXll1llllOl1 angular lo Urounded 
CX>B1W sand, common angiB ID abrounded gravel; few angular ID roinled pebbl8s; lr8ce mica, liOlllll ChllRXllll fragmenls. 
Gnldual lower boundary. 

,,,,,,,,,,, 
~~~~~~~~~~~· .• • r • 3AClhb: Depth: 22.0.25.0", PALEOSOL P3: Very der1c P.f .(10YR, 3'1); Tep!ll'Htch Clay l.olm, (SSC. 50%'15'JE/35%); 
'"''"'''' 3AClno--i moist modlitalely develaled slrucUe· firm. stmanaulm'IJIOC9 pads· sliclcy; ~lly plastic· &Orne fine roots· trace large roots; 
~~~~~~~~~~~~ slight iwilll organic mat&; slight oivM1c matlar dilconp>Si5on; lcW poraiffy; no iron slaiiis; some angulaf lo smn:linled 
''''''''' '' coarse sand, trace angt& ID sUmxnled gravel; no pebbles. Gradual lower botlldaly. R8-WOl1\ed lephra with soil oveipml ..... . . 

~ .. . . . . 
~ ...... • .. • .. ":" :• _j • C1vh: Depth: 25.0-31.0"; GTtlsh brown (10YR, 512); Ttphra and/or Kaolln-rich sediments, !SSC: 60'!1/15'11125%); moist; 
" .... •" •"" " ' C

1 
h epedal develcpad slrUclura; firm; slighUy sticky; non-plaStic; trace fine roots; trace large roots; frace ilwiel O/U81lic matter; 

"' ... ".," ... ".......... v low porcslty; lnlclt iron oxide ~ some angular cmrse Slllld, no gravel; no pebbleS; Abll1dant k!plva atdor Jcaolin-rich 
: .. : ,, : .. : .. : ... : materiel. Gtadual lowef' bollldary ephra. 

,. ..... .. ~ ........ . ..,. .... ~ 

¥ ••• • • 

• .. • .......... " .... ", _J • C2v: Depth: 31.0-37.0"; liaht lnYilh brown (10YR, 61'2); T ephra and/or Kdn-rich sedimenls, (SSC: 60'll/15'11125%}; 
• ................... """ moist; aoedal develcoed slrucluir. finn\ •ligliltf sticky; non-pleatic; lrace tile roots; trace t111118 roi>fs· trace iluvial ~nli 
• .......... " ... " ....... "' C2v mallllr; row porosity; fraca iron OicklO stains; same angular coine sand, no g18V81; no pabblei; Abilldaiit l!phra and/or kaolin-
• " .. "' .. " .. ",," .. ". rich malarial. GradUal lowerbclllldarf. SEM: MC.13, 31-37. glass shards confirmed, date (suspect). 0.41..0.47 ma; Bulk 
" ....... " ......... ,, • XRF. MC· 12. 31..J7 • 1nalysis pending. 1.• ••• ¥ ., 
...... ¥ .. . .. .. .. . 
lo¥ y ¥¥¥ I 

.... .. • .. • v - -
TD37" 

- - - - - - ~ - - - - - Penetratedto42" 
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Advanced Geologic Exploration, Inc. 
Scientists of the Earth™ 
P.O BOI 18012 •Rana• Nevada• 89521-8012 
Tai (775) 852- 0992 • Fu ( 775) 852- 3226 

Soil Description Log 
Hot Springs Creek Valley, 
Lassen Volcanic National Park 

BORING NO. MC-17 TOTAL DEPTH: 19" DA TE: 9/24102 TIME: Morning 

BORING LOCATION: Drakesbad Meadow, SW middle 

meadow, 20-30' Wof row of trees. 

ELEVATION: 5575' 

WEATHER: clear, hot 

TEPHRA/KAOLIN: Yes DEPTH: >13" QUALITY: poor 

CHARCOAL: Yes DEPTH: 4-13" QUALITY:good 

SPECIAL NOTATIONS: Refusal at 17''; 

Two cores obtained 

Depth I Uthology I Horizon I Description 

0.0" 

3" 

6" 

9" 

12" 

15" 

18" 

21" 

24" 

27" 

30" 

33" 

36" 

39" 

42" 

45" 

48" 

~,.,,.....-.~ 01 - • 01: ~lh: 0.2.0"i PALEOSOL P1 ~}; Very D8lk Brown (5YRl 2.5.11). Peat Slit Loam (SSC: 15W75'W10%); saualed; 
apedal dl!velopaa slruelurv; loose; Slighlly stick}'; sightly plastic; 1111undllnl line= ablllOanl large roots; hlgli porosity; 
no iron oxide stains; some slA>roundea ID stm_angulllr mme sand; lrace uro lo stbangular gravel; no pebbles . 

...-t1111""11);""~,.... 20i~ lmigulllr IC7N81' boundary. Pea~ surface organic &Oil horizon to~· 

B::..eEl. ~l ~'le~ea~---1~- 0211b: 0ei>11: 2.0-4.0"; PALE<?SOL P2; f!laclt (5YR. 2.5.11J Put sa Loun (SSC'. 30~'lf/10"~ ~klraled:.llP8dal ~~ 
dudln; loose; no~; sliiftlly-plastic; many line rools; abundan4 lerg11 roots; high porosity; slight illuvial Ol'QlllllC ~!'e!i 

~~A.;._~ l ~ light organic 111111!er deccnipoaition; tlO!llll 8lMlilnded ID Slbangular CXllll1l8 sand, no gravel: no petibles, lrace nuca. ._,,_ 
~"'l.1.~ .... ~ 301ahb toWerbcUldmy. 
r~s·1."'l."'l. l 
;._ ... l A.;._ Y'\ le 3011hb: Oec>llt 4.0-9.5"; PALB>sot. P1_~111ck (10~~1), lfucb Siiiy Loam (SSC: 20%'55"'25%); moist~ 
~ ... k. Y\ .... C dsvelq>ed stuclure; fine gramw peds; sligl11tf slicltyj .-tic; many fine roots; convnon larae roots; abundant ilbMal Dfilanlo 
bl"'~ .... ,.. ..... ~.'"' "'·"'~1----1 matter; abinlanl organic matlllr decompo9Hio1r medMn pcro&ity; some subrounded to Ui111p1lar comse sand, some 
A. ~k.'"\. ~ ~ ~ &UblOllldlld lo suballgular coarse gravel; no pebbles; Ina mica; some charooal fragments. Gladuel lower boundary. 
~"'t"'l."t"'l."'l. 
l ... t"'l."t"'l."":l. 302avhb . . . . . . . 

.. ,, ... .... ;._ ~ -&. le 302fthb. Depth. 9.5-13.0", Very Derk Gray (10':.R.L.~1), Mucky Sandy Clay (SSC. 40'lf/2D'll/40%k very moist. weakly 
). ... ~ ). ~ developed structure; fine granuler peels; s&Qh!tf s.U.1, pleatic; 11111ny finO room; com=mon I 11roots; 1111trKlant llwial organic 

• metier; llbund!lnt orgiri: matter decon1>oaition: low porosity; aome sublolrded ID C011r111 sand· nee albrotllded 
, .. : .. : •: .. : "•" 1 ID Slbengular gravet; no pebbles; some charcoel fnigmen&; lrace mica. GnWal lower dary. R;wa!ced lephra on a 
1 • • • • .. • ..... • "• ~with organic tiOll overprinl 

•""•""•""······· 1 .. • .. • .. • .. • .. • .. , Cvhb - le ~b: Depth: 13.~19 o·; Dark Gnsy (1DyR. 411}; Tephra andlor KaolkMfch Grawlly SI~ Loam (SSC: 60%/10W'JO%); 
, .. • .. • .. • .. • .. • .. , ~ apeda! developed structure; iioiHticky; 8'1hltf.Plesic; some h "?Ols, ~ng witl depth; f~ lll;rDe.rools; ~ 
1 .. • .. • .. • .. • .. • .. , illNial orgarvc IJl811Br, mollled temn, dec:rem;ng with deplh; low~ lraoe iron axlde &lalns, oxidatiOn lllmiBSl1g wrlh 
.. .. .. .. .. .. deplll; some Slbrounded ID &Ubangular C081S8 sand; convnon subrounaea lo subangular gravel; same pebbles, large pebble 

' .. : .. : .. : .. : .. :. • at 14-15·. Refusal al 19". Re-worlcoo lephni on a tlooqilllin with organic soD ovll!J>rinl 

TD19" 
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Advanced Geologic Exploration, Inc. 
Sclentfsts of the Earrh ™ 
Po. Bu 18012 • R1no •Nevada• 89521 · 8012 
Tel· (7751 852·0992 • Fu (775) 852- 3226 

Soil Description Log 
Hot Springs Creek Valley, 
Lassen Volcanic National Park 

BORING NO. MC-18 TOTAL DEPTH: 20· DA TE: 9/5/02 TIME: Afternoon 

BORING LOCATION: Drakesbad Meadow, northwest 

middle meadow, south of water tank, near trees. 

ELEVATION: 5575' 

WEATHER: clear, hot 

TEPHRA/KAOLIN: Yes DEPTH: 1 ~&!:;.& QUALITY:good SPECIAL NOTATIONS: Saturated surface 

conditions; penetrated to 32", unrecoverable >20" CHARCOAL: No DEPTH: QUALITY: n/a 

I Depth I Uthology I Horizon I Description 

0.0" 

3" 

6" 

9" 

12" 

15" 

18" 

21" 

24" 

27" 

30" 

33" 

36" 

39" 

42" 

45" 

48" 

f i. O: Oeplh: 0-4.0"; PALEOSOL P1 (RBJC)' V8fY, derlc ~ (10YR. 212), Put SBt l.oem (SSC 5'lb'75W%); very~ 
..,....,~.,.... 0 ___J epedlll developed Btructu!v; loose; flOl!4:ky; slightly plastic; Bbundant h roots (80%); eane large roots; ebuildanl Ofll8lllC 

• matter, hiah porosity; no Iron oxide stains; no gravel; no pebbles. GnQml lower ll<uld8ty. Paa~ surface organic soil hofizon 
m alluvillllari. 

'"l~'.:I. ":t"':::i. "'.:I.") .I ~ 20Alh: Depth: 8 0-11 o~ PALEOSOLP2: Black (2.SYR, 2.511), Muclly SIJty Loam (SSC: 10'lb'70WZ0%);Yef'J. moist; weakly 
"" ~ ~ ~ ""). ~ ~ developed s1ruclllrll; fine granular pads; sl~tly ~ plastic; many fine roots; common large roots; common illwial organic 
"'1. "'.:I. "'.:I. Y\ ") 20A1 ah matlllr, ablllda11t organic matter ~osilion; no nnn oxide stains; lrace angular ID &lbangular gravel; no pebbles; ln!ce 
"'1 ":t ""). ~ :t l mica rnilnls. Gracfual lower boundary. 

i. ......... ., ... ., .. .,....... 1Vh _- ~ 1Vh: Oepll: 11.0-13.0"; Llghl gray (1Q YR. 7/1),,Tlph111 andhdlOlln-rich Slit (SSC: 5%185'11/10%); moist;~~ 
~ .. ., ., ., ... slnldl.n, fine, g11111ullir pllds; non-sticky; ple&tic: many fine roots; some large roots,; moderale illlNlel Olganlc ma~ low 
~ ... 

11 
~ y

11 
~ porosity; no ion stains; no gravel; no petibles. layer is charaderized by a few lhi1\-0.2--0.4") decoq>oied kaolin\ r) layenl. 

'").'"}.'")."'.:I. ""l. j 30Aah l Sharp lower boundeiy · · 
"'l. '.l ). ""). '.l l i. 30Aah: Oeplh: 1U-16 o·; PALEOSOl ~: Black (10YR, 211), Mucky slit (SSC: 5%185'!(110%); n)Oi~ weekly _developed 

: ; ; : : structi.ra·
1 
~. gninular peds, ~ticky; plasl!a.11181!Y fine ~i_'!*'f lelge roots; abundant 1H1Mal OllJll'dC mallllr; 

~.,., ..... ., ............ •. 2Vh --, abundlln OlgBlllC melter ~on. loW porosity; no ron oxide 11111111S; no giavel; no pebbles. Trace kaolin fragments . 
• • • .... • ¥ 

TD20" 

""' M : Oeplh: 1~.0-18.0"; lril gray (10 'fR;. 7/1), Ttph111 an!iforbolln.fich Slit (SSC: 0'11195%15"~· moist; week'Y. developed 
4ACevh.., &truclil'e; medllllh, gninu pildS; non-slid<y; alighlly plastic; some fine roots; few l!uge roota; alig t illwiel OlglllllC ma~_ 

· 1 low poro&ily; trace iron oxide stains; no "8Vel; no pilbblas', abundant keolin layer, deCreasing deComposilion With deplh. M-
l worked lephra and kaolin depo8il within Olgenic soil horizon. 
1 i. 4ACVll: Depth. 18 .0.20~(1" PALEOSOL P4: Delk gniy (10YR, 411); Sit Loam (SSC: OMS'll/15%); moist; epedel (7) developed 

&truclil'e, rion-sticky; ly plastic; some fine roots; few IBr1l8 roots; moderille ilkNial organic melter, motlled ZDll8ll and 
ICCUllllMlions between ·n stratigraphic layers; moderata ~ ma11er ~sition; law porosity; race ilOn CDdde stains, 
oxidation lncreesing wilh deplh; ncig_'!V~ino pebbles. A Jwilhin I- 02-0.4i kaillln lay11111. Pilneln!fed to 32", but sample 
LmlCOYerable >20 . lnlelbedded tM!IVMA deposils and rewmed tef>lvll & kao&n wtthln Olg&nic soil horizon. 

- - - - - - 1- - - - - - Penetrated to 32" 
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Advanced Geologic Exploration, Inc. 
Scientists of the Earth"" 
PO. Box 111012 •Reno • Nnada • 89521 · 8012 
Tel (775) 852·0992 • Fax (775} 852· 3226 

Soil Description Log 
Hot Springs Creek Valley, 
Lassen Volcanic National Park 

BORING NO. MC-19 TOTAL DEPTH: 30• DA TE: 09/24/02 TIME: Afternoon 

BORING LOCATION: Drakesbad Meadow, middle-west 

meadow, West of MC-2, west of row of N-S trees. 

ELEVATION: 5575' 

WEATHER: clear, hot 

TEPHRA/KAOLIN: Yes DEPTH:21-28" QUALITY: poor SPECIAL NOTATIONS: Saturated surface 

conditions; non-recoverable >30" CHARCOAL: Yes DEPTH: 14-21" QUALITY:good 

Depth I Lithology I Horizon I Description 

0.0" 

3" 

6" 

9" 

12" 

15" 

18" 

21" 

24" 

27" 

30" 

33" 

36" 

39" 

42" 

45" 

48" 

_J 
le 0: ~th: G-5.0"; PALEOSOl P1 ~) Blad< (5~.?J!}J!_ut Sandv l.oll!I (SSC: 25%155%'5%}; saturated; 8P8dal 

,, ,, ,,, davelciped s~~;Joose; non-sticky; slighly plaitlc; llDWIOISll fine roofs; some large rools; abllldant Ofl111nlc mafter; high 
..,.~~oll)4 o porosity; trace mvmr ID si.Eangular coerM Band; no gravel; no pebbles; trace mica. Gradual lower boune181y. Peel &UlfaCe 
...., organic aoil horizDn 1o llllwilll ran. 

~ ::k ~"'l." L _j le Oeh: Depth: 5.0-9 O"; PALEOSOL P2: Very dark gray (7.SYR, 2.511) Mucky l.olmy Sand (SSC: 80"'15%'5'lfi); 11811nlad; 
~ "\ "'l"l. ~ epedal ~eel slructure; weak: ROIHltickv; llOOi>lestic; many me roots· commoo large rool1; moderate iluvial organic 
~ -t-t "\. ~ 20eh maller;abtnlilntagenio matl!r~&on. high porosily,common liJiromded lo angularcoaree &1111d; l!bllld8ntil 
~ ··y). ~ ""l. "A lower half; no gravel"; no pebbles; lrace mica. lrregulai lower boundary. TOC: llC.19, >9 - 10.79% • 
... "'i "'1~1'"" 

. 
J 

.. 34121hb: Daplc 14.0.21.0'; Black (CliY 1, 2.5/N), Oraulc-dch l..olm !SSC: 15"'70"'15'lfi); wet~ develq>ed stnlcUe; 
medium density; s~ slick).'; plesic; many fine roofs; many [arge rools; abundant lllwlal ~c matw, molllilig Miii depth, 
abundant organic ~. trace woOd fragments; nmum ~ty; lrace angular ID subrounded coense sand; lraCe 

302ahb 111111.W lo submunded giavel; no pebbles; trace mica, traca chanXel fragments. lnigular lower boundary. 
TOC: MC.19, 14-19 • 5.!9%. 

•: .. : .. : .. : .. : .. , J ~ CVh: Depth: 21.0.28 o·, Derk Gray (7.5YR, 411), Tephra andlor Kaoll!'l-rfch l.olm, (S~C: 50W10CM.'40%); moist; weekly 
, ............ , daveloped strucb.119; moderalely firm, aba~lilr blod<y pads; \ll!!Y llicky; weekly plilstic; some fine roots; few large roofs; 
,, • .. •,, • .. • .. • ... , moderile mo!Ued IAuvilll nlC matter neer • decnlBsilg ~ with depth; la'# porosity; some angular to rounded ClOlll'W 
.. • .. • .. • .. • .. •.. Cvh send, fine sand layer, ne:r=; some ang r to roundlid gnMll; trace IOtl1ded pebbles. Abundant tephra and or kaoin 

• .. • .. • .. • .. • .. • ~ 1 pel1icles. Gradual lower booodllly. Reworkad tephra or keolin deposit. I••••• t 11""·.,,···.,····· •••••••••••• 
•• ¥ .... 

I • • • • • t ..,_.,,_._._ .. _. 
,: !": !": !": !": !": ! Ch ·•Ch Depth: 28.0-30.0" V~ Derk Grayish Brown (2.SYR, 3/'ll; Gravelly Loamy Sand (SSC: 80'lfi/SW15%)· moist; apt!dal i !": ,.: 11; !": !''. • - dMlq)ed &1ructlnr aliQtiay sticky; mOderalely pllislic; same line roots; few large roob; trace ftlwial organic inallar. mioderate 

porosity; no iron SiBlns; common rounded to simangular gravel; same axnmon roooded to sd>angular pebbles. AbUiictant 
TD 30" mphra and or kaolin particles. Refusal at 30". 
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Appendix 4 

Geologic Research Project in the Warner Valley, 

Phase II - Soils and Tephra Sampling 

1. Contract with Lassen Park Foundation 

2. Scope of Work Proposal 

3. Drakesbad Meadow Meeting Summary, 
Drakesbad, California, October 29, 2001 

Advanced Geologic Exploration, Inc. 
PO Box 2464, Lake Almanor, CA 96137 •Voice: (530) 596-3221 •Fax (530) 596-3221 • www.advancedgeologic.com 
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June 18, 2002 

Charles P. Watson 
Advanced Geologic Exploration, Inc. 
P.O. Box 18012 
Reno, NV 89511-8012 

Dear Charles: 

The intention of this letter is to specify the requirements for the receipt of payment 
for donation monies from the Lassen Park Foundation for completion of the project 
Geologic Research in Warner Valley as proposed in the funding proposal submitted 
and approved by the Foundation on May 17, 2002. Completion of this project will 
be under the direction of Lassen Volcanic National Park staff and will be conducted 
under a National Park Service Research and Collection Permit. Phase I and II will 
be conducted simultaneously. 

Deliverables for the project Geologic Research in Warner Valley will include: 

Phase I - Geologic Mapping 
I) Detailed geologic map of the Warner Valley area- Map will identify 
bedrock geology, fluvial geomorphology, faults and fractures, and 
hydrologic and geothermal source areas. The area to be covered includes 
the Hot Springs Creek drainage basin upstream from the Kings Creek 
confluence. Scale will be at least 1 :24,000 and map will be ready for 
scanning or digitizing. 
2) Spring and geothermal source area map - Scale will be at least I :24,000 
and map will be ready for scanning or digitizing. 
3) Perpendicular geologic cross sections. 
4) Final report including methods, data and results. 

Phase II - Soil and Tephra Sampling 
I) Sediment cores and tephra samples from 40-60 auger borings. At least 
10 tephra samples will be submitted for laboratory analysis. 
2) Logs of the cores and profiles will be completed. 
3) Sample location map 
4) Final report including methods, data and results. 

Payment for work on the project Geologic Research in Warner Valley will be made 
in installments based on the following schedule: 

LASSEN PARK FOUNDATION 

Post Office Box 3155 • Chico, California 95927-3155 • (530) 898-9309 • Fax (530) 342·9105 

Tax ID No. 68-0065902 
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Phase I - Geologic Mapping ($11.600 LPFl 
1) Initial payment to start work (50%) 
2) Approval of draft maps by park (25%) 
3) Approval of final maps and final report 

by park (25%) 

$5800 
$2900 

$2900 

Phase Il - Soil and Thephra Sampling ($10.900 LPFl 
I) Initial payment to start work (50%) $5450 
2) Approval of draft report and lab results 

by park (25%) 
3) Approval of final report by park (25%) 

$2725 
$2725 

Please sign the letter as a sign of your agreement with the schedule of work. 
Please make a copy of the signed letter and return the copy to us. 
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Advanced Geologic Exploration, Inc. 
Scientists of the Earth™ 

P. O. Box 18012 • Reno • Ne vada • 8951 1-8012 • Tel : (775) 852 -0992 • Fax : (775) 852-3226 
e-mail : lnfo@selsmo-watch .com •Web Site: http: f/www.se lsmo -watc h.com 

July 5, 2002 

Jan Ziad 
Executive Director 
Lassen Park Foundation 
P.O. Box 3155 
Chico, California 95927-3155 

Re: Geologic Research Project Contract Warner Valley, LVNP 

Dear Jane, 

Thank you for the opportunity to perform the work as per the enclosed signed agreement. 
This is an exciting area filled with natural and cultural values and the research shall 
contribute greatly to assisting the ongong research objectives of the park. 

The agreement called for 50% of Phase I and II totalling $11,250. The initial payment 
check was for $11,600 or the total cost of Phase I. At the suggestion of Sara Koenig, 
LVN~ please deduct the difference of $350 from the final installment payment to cover 
the overage. 

I will be preparing a number of items, like progress reports, rock chip display boards 
and soil profile displays, at various times of the project. I hope they will enlighten and 
educate the park visitors and the Foundation supporters as to the importance of this 
research. Some of this information will also be posted on our web site: 
www.advancedgeologic.com 

I look forward to completing the project as per the requirements. If you have any 
questions or if I can be of further assistance, please feel free to contact me at your 
convenience. 

Cly, 
Charles P. Watson 
President and Chief Geologist 

enclosures. 

c.c Sara Koenig, LVNP 

Rocks • Minerals • Metals • Earthquakes • Geothermal • Exploration • Evaluation • Assessmen t • Poller 
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Park Geology 

Sediment and Tephra Sampling Project 
Senior Geologist 

The Lassen Volcanic Center, located in Lassen Volcanic National Park, is the southern 
most active volcanic region in the Cascade Range. It has had an extensive eruptive 
history during the last half million years and consequently, bedrock deposits consist 
mostly of lavas, ash flow tuffs, and tuft flow breccias. To a lesser extent, air fall ash 
layers (tephra) are preserved in lake, marsh, and other still water sedimentary 
environments. Tephra layers can be used for dating geologic events or determining rates 
of geologic processes. Tephra layers are also valuable in correlating geologic and 
palaeoenvironmental events from place to place and are also useful in collaborating soil 
stratigraphy and radiocarbon dating analyses. 

In 2000, researchers identified a rare and possibly endangered fen deposit located in the 
Drakesbad Meadow of upper Hot Springs Valley in Lassen Volcanic National Park. 
While ongoing research establishes the extent and degree of preservation and/or 
restoration to be applied to the fen deposit, little is known about the geology that allowed 
the fen to develop. A detailed map of the bedrock geology, fluvial geomorphology, faults 
and fractures, and hydrologic and geothermal source areas is planned, but the 
relationships are complex and subsurface soil samples will be required to better 
correlate alluvial and fluvial stratigraphic units . The easiest and least invasive method for 
subsurface soil recovery is by a hand-operated split-spoon augur. Intact sediment cores 
retain enough qualities such that logs from a series of locations can be compared and 
correlated. 

One of the advantages to working in a volcanic terrain is that there is a high likelihood of 
finding tephra layers in still water sedimentary environments. One such tephra layer has 
been discovered in the sediments exposed on south embankment to Hot Springs Creek 
near the Drakesbad Bath House in Lassen Volcanic National Park. Referred to as the 
"Bath House Ash", it is a thin grayish-white layer located in fine-grained sediments a few 
tens of centimeters below a rich organic soil horizon thought to be correlative to the rare 
fen deposit. This discovery represents an important "time-stratigraphic" marker in the 
valley and suggests that if this and other tephra layers could be traced throughout the 
valley, they would give valuable insights to the geologic development of the valley and 
more specifically. the formation of the fen. 

Position Title: Senior Geologist 

Position Description: Soil and tephra sampling project. Understanding the geologic 
framework of the Drakesbad Meadow is paramount to any meaningful, long-term 
management condusions about the preservation and/or restoration of the fen deposit. 
Therefore, the goal of this project is to provide researchers of the Drakesbad Meadow 
Restoration Project with a valuable piece of the complex geologic story from which 
appropriate management decisions can be made. 

The geologist will direct and participate in the recovery of soil and tephra samples from 
the Bathhouse Ash exposure site by two methods, 1) directly from the stream bank 
exposure, and 2) with a hand-operated a split-spoon augur of the soil deposits directly 
above the stream bank exposure. The split-spoon auguring will extract a complete 
sediment core from the organic horizon to below the tephra layer. A complete and 
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Sediment and Tephra Sampling Project 
Senior Geologist 

detailed log of the stream bank deposit will be compared to the split-spoon sediment 
core Jog. The sediment core will be boxed and stored for future analyses and a tephra 
sample will be submitted ror laboratory analyses. 

Additional split-spoon auger borings will be sited in strategic locations of Drakesbad 
Meadow and surrounding areas. Paramount will be recovering of subsurface soils and 
sediments from the active fen-forming terrace surfaces; however, operations will also 
target, non-fen soils and remnant fluvial terrace soils perpendicularly and longitudinally 
to the valley. The cores will the logged, sampled and appropriately archived for future 
analyses. It is anticipated that 40-60 cores will be recovered and 10 tephra samples will 
be submitted for laboratory analysis. Logs of these cores will be compared and profiles 
will be constructed. A report will outline the preliminary findings of the investigation and 
shall include a sample location map and suggestions for additional research. 

Work could begin upon the melting of the snows. 

Note that this project must run concurrently with the geologic assistant proposal but can 
run either concurrently with or sequentially after the geologic mapping project. 

The Park could facilitate the project by providing assistance with basemap supplies, 
auguring tools and campsite accommodations. 

Dates: Flexible for 8 weeks total. Time is split 1/2 field and 1/2 office/lab. 

Qualifications: M.S. or higher in Geology and five years of experience in professional or 
academic related applications. 

Park Contact: Sara Koenig 
Lassen Volcanic National Park 
P.O. Box 100 
Mineral, CA 96063 
(530) 595-4444 
Sara_Koenig@nps.gov 

Funding Amount Needed: 
Technical services: 
Expenses 
Tephra Analysis 
Housing 

$8,900 
$1,200 
$2,000 

n/a 
$12,100 
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Park: Lassen Volcanic National Park 

Location: Mineral, California 

Sediment and Tephra Sampling Project 
Assistant Geologist 

Park Geology: The Lassen Volcanic Center, located in Lassen Volcanic National Park. 
is the southern most active volcanic region in the Cascade Range. It has an extensive 
eruptive history during the last half million years and consequently, bedrock deposits 
consist mostly of lavas, ash flow tufts , and tuff flow breccias. To a lesser extent. air fall 
ash layers (tephra) are preserved in lake, marsh, and other still water sedimentary 
environments. Tephra layers can be used for dating geologic events or determining rates 
of geologic processes. Tephra layers are also valuable in correlating geologic and 
palaeoenvironmental events from place to place and are also useful in collaborating soil 
stratigraphy and radiocarbon dating analyses. 

In 2000, researchers identified a rare and possibly endangered fen deposit located in the 
Drakesbad Meadow of upper Hot Springs Valley in Lassen Volcanic National Park. 
While ongoing research establishes the extent and degree of preservation and/or 
restoration to be applied to the fen deposit, little is known about the geology that allowed 
the fen to develop. A detailed map of the bedrock geology, fluvial geomorphology. faults 
and fractures, and hydrologic and geothermal source areas is planned, but the 
relationships are complex and subsurface soil samples will be required to better 
correlate alluvial and fluvial stratigraphic units. The easiest and least evasive method for 
subsurface soil recovery is by a hand-operated split-spoon augur. Intact sediment cores 
retain enough qualities such that logs from a series of locations can be compared and 
correlations applied. 

One of the advantages to working in a volcanic terrain is that there is a high likelihood of 
finding tephra layers in still water sedimentary environments. One such tephra layer has 
been discovered in the sediments exposed on south embankment to Hot Springs Creek 
near the Drakesbad Bath House in Lassen Volcanic National Park. Referred to as the 
"Bath House Ash", it is a thin grayish-white layer located in fine-grained sediments a few 
tens of centimeters below a rich organic soil horizon thought to be correlative to the rare 
fen deposit. This discovery represents an important "time-stratigraphic" marker in the 
valley and suggests that if this and other tephra layers could be traced throughout the 
valley, they would give valuable insights to the valley's geotectonic development and the 
formation of the fen. 

Position Title: Assistant Geologist 

Position Description: Soil and tephra sampling project. Understanding the geologic 
framework of the Drakesbad Meadow is paramount to any meaningful, long-term 
management conclusions about the preservation and/or restoration of the fen deposit. 
Therefore, the goal of this project is to provide researchers of the Drakesbad Meadow 
Restoration Project with a valuable piece of the complex geologic story from which 
appropriate management decisions can be made. 

The assistant geologist will aid a senior geologist in recovering soil and tephra samples 
with a hand-operated split-spoon augur. The split-spoon augur extracts relatively 
complete sediment cores from the subsurface and is an ideal method of sampling in 
sensitive areas; however. it is challenging for a single operator given a project of this 
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Sediment and Tephra Sampling Project 
Assistant Geologist 

size. It is anticipated that 40-60 cores will be recovered for analysis. The geologic 
assistant will be involved in sediment logging and core storage procedures. They will 
also assist in core recovery from the field and processing the core at the laboratory. 

Dozens tephra samples will be recovered, perhaps a few from each core. The geologic 
assistant will participate in tephra logging, sampling and cataloging procedures. They will 
also help evaluate and prepare samples prior to shipping to the analytical laboratory. It is 
anticipated that from the few dozen tephra samples recovered, ten will be submitted for 
laboratory analysis. Once the cataloging has been completed, the geologic assistant will 
be involved sample storage procedures. The geologic assistant will participate 'in the 
preparation and interpretation of stratigraphic profiles and compiling data for the final 
report. 

Work could begin upon the melting of the snows. 

Note that this project must run concurrently with the senior geologist proposal but can 
run either concurrently with or sequentially after the geologic mapping project. 

Dates: Flexible for B weeks total. Time Is split 1/2 field and 1/2 office/lab. 

QuaUfications: B.S. or higher in Geology and two years of experience in professional or 
academic related applications. 

Park Contact Sara Koenig 
Lassen Volcanic National Park 
P.O. Box 100 
Mineral, CA 96063 
(530) 595-4444 
Sara_Koenlg@nps.gov 

Funding Amount Needed: 
Technical services: 
Expenses 
Housing 

$3,000 
$800 

n/a 
$3,800 
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Drakesbad Meadow Meeting Summary 
Drakesbad, California, October 29, 2001 

By: Charles P. Watson 
President and Chief Geologist 

Advanced Geologic Exploration, Inc. 
Reno, Nevada 

December 5, 2001 

Executive Summarv. 

The National Park Service is on course to providing quality management 
decisions for the Hot Springs Creek wetlands, including the Drakesbad meadow, 
in Lassen Volcanic National Park. They have identified the need for long-term 
scientific research goals and have plans by which these studies will allow for 
meaningful recommendations for the preservation and restoration of this valuable 
natural and cultural resource. 

Introduction. 

Recent issues regarding management of the Hot Springs Creek wetlands has 
brought together a number of experts from government, academic, and 
professional areas to discuss how preservation of this valuable natural and 
cultural resource can best be achieved. The Hot Springs Creek wetland is 
located some 13 miles northwest of Chester, California, in upper Hot Springs 
Creek valley, within the boundaries of Lassen Volcanic National Park (LVNP). It 
is about 90 acres in size and is an area of a diverse mixture of biology, hydrology 
and geology. It also has been a popular destination area for people for over a 
hundred years. The Drakesbad meadow is part of the Hot Springs Creek 
wetlands. Prior to its incorporation into L VNP in 1958, it was first a homestead 
and then a guest ranch facility. Since 1958, a concessionaire under National 
Park Service control has maintained the facility. 

Protection of the Hot Springs Creek wetlands was mandated after an inventory 
performed by the US Fish & Wildlife Service, as per the 1977 Presidential 
Executive Order 11990, identified Hot Springs Creek, the meadow, and all feeder 
streams and springs in the drainage as meeting criteria of potential wetlands. 
Executive Order 11990 was issued by the President u ••• to avoid to the extent 
possible the long and short term adverse impacts associated with the destruction 
or modification of wetlands and to avoid direct or indirect support of new 
constructions in wetlands wherever there is a practicable alternative ... " 
Furthermore, release of National Park Service Director's Order 77-1 in 1998 
established policies, requirements and standards for implementing Executive 
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Order 11990 in National Parks. In summary, Director's Order 77-1 directs the 
National Park Service (NPS) to: 1) provide leadership and to take action to 
minimize the destruction, loss or degradation of wetlands; 2) preserve and 
enhance the natural and beneficial values of wetlands; and 3) avoid direct or 
indirect support of new construction in wetlands unless there are no practicable 
alternatives to such construction and proposed action includes all practicable 
measures to minimize harm to wetlands. 

Paramount to the Hot Springs Creek wetland management issue is the recently 
discovered and possibly rare and/or endangered fen, a unique peat soil, within 
the Drakesbad meadow. NPS indicated the wetlands and the fen have been 
"severely" degraded by cultural activities over the last 100 years, most of which 
occurred prior to Hot Springs Creek valley's incorporation into the National Park 
in 1958 and; therefore, actions must be taken to restore these unique wetlands to 
its pre-cultural characteristics, as per Executive Order 11990 and National Park 
Service Director's Order 77 -1. Jn order to gain increased understanding of the 
wetland and fen ecosystem, a hydrologic monitoring program was implemented 
in 2000 to provide the basis determining what restoration, if any, should be 
implemented to preserve the Hot Springs Creek wetlands ecosystem. 

A meeting was scheduled on October 29, 2001, between LVNP representatives 
and Lassen Park Foundation members to learn about and discuss the LVNP 
management plan for the Drakesbad meadow. Because of my professional 
geological knowledge, long family history in the area, and prior understanding of 
Hot Springs Creek valley and the Drakesbad meadow, l was asked by Susan 
Watson, Robert Morrison and John Pelkan of the Lassen Park Foundation to 
accompany them to the meeting. 

The Meeting. 

The purpose of the meeting was to discuss the NPS management plan for the 
Hot Springs Creek wetlands and tour the Drakesbad meadow. Since much of the 
basis for the management plan relies on field data, the meeting was coordinated 
at the meadow. A lengthy tour allowed the members to observe various aspects 
of the wetlands. 

The following people attended the Drakesbad meadow meeting on October 29: 

• Louise Johnson, Lassen Volcanic National Park 
• Sara Koenig, Lassen Volcanic National Park 
• Dr. David Cooper, Colorado State University 
• Susan Watson, Lassen Park Foundation 
• Charles Watson, Advanced Geologic Exploration, Inc. 

Robert Morrison and John Pelkan of the Lassen Park Foundation were unable to 
attend the meeting because of prior commitments. Dr. David Cooper, a highly 
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regarded researcher of wetland environments, had been asked by the NPS to 
attend the meeting. He also assists the NPS in the Drakesbad meadow fen 
restoration project. 

The weather was overcast and cool, with occasional drizzles of rain, but access 
to the wetlands was good. The Drakesbad Guest Ranch facility had recently 
closed for the season. 

The Tour Route. 

After first meeting in the lodge parking lot at about 9 a.m., the group moved down 
the main footpath to the center of the meadow where introductions continued. 
The initial discussions surrounded the monitoring well study and the criteria for 
fen identification. Dr. Cooper outlined the basic criteria for a fen was 40 cm (or 
roughly 16 in.) thick of actively growing peat in saturated soil conditions and gave 
a brief description fen research elsewhere in the United States. The excursion 
proceeded to the stream bank of Hot Springs Creek near the Boiling Springs Trail 
Bridge where a soil profile was examined. The group then looked at examples in 
the middle meadow of drainage channels and ditches, saturated versus non­
saturated soils conditions, and exotic plant species. Flow rates for the "Spring 
Creek" tributary were observed, and a number of items were examined in the 
upper meadow, including surface soil conditions. fluvial-geomorphology, and 
possible fault offsets. A few monitoring wells were checked and groundwater 
levels were measured or estimated. 

The excursion returned to the lower middle meadow area where Sara Koenig 
departed, and the remainder of the group continued across the meadow south of 
the Lodge to the Bath House where exposures of the "Bath House Ash" were 
examined. The group returned to the Lodge parking lot where Charles Watson 
distributed a handout and discussed the significance of geologic issues on fen 
development. The tour was completed around 1 :00 p.m. 

Discussions and Consensus. 

The group displayed a spirit of cooperation in discussing and learning about the 
ecosystem of Drakesbad meadow. We all agreed that the ecosystem was a 
complex mixture of environmental factors that has been influenced, to some 
degree, by cultural activities. LVNP conveyed they were in the initial stages of 
identifying the baseline environmental factors and their plan included long-term 
scientific research goals. They conveyed that the key to managing the 
preservation and/or restoration of the wetlands is understanding, to the best 
extent possible, what the pre-cultural conditions were like and to what extent the 
cultural activities have affected the natural processes of the wetlands. The group 
recognized the need for these detailed, long-term studies and agreed that such 
research needed to be mature enough to allow for meaningful management 
recommendations to be proposed. 
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Fen Verification. 

Based upon the criteria presented by Dr. Cooper, there was consensus by the 
group that fen soils occur within the meadow. Although no soil pits were dug or 
precise measurements taken, clearly many sections of the middle meadow 
showed at least 40 cm of saturated peat soils, and some areas may support even 
greater fen soil thickness. Not well understood was the quality of the fen soils 
and their distribution, and NPS explained that this was the focus of a recently 
acquired special studies grant. 

Many areas of the meadow were dry and do not support either fen or wetlands 
criteria, and it was not clear if these conditions were due to cultural or natural 
influences. Some dry areas "graded" into wetland conditions, while others 
displayed abrupt boundaries. The group agreed that each area has it is own 
special circumstances and that detailed studies may be needed to understand 
the specific parameters. 

Environmental Factors. 

Four basic environmental factors were discussed by the group to have affected 
the Hot Springs Creek wetland ecosystem and are briefly discussed below: 

• Cultural Activities. The levels of cultural and historic influences on the 
meadow are not well understood. European occupation of the valley 
occurred in the late 1800s and reports indicate various activities have 
occurred, including the following items: 

• Roads and trail system constructions; 
• Structures, buildings, and other constructions; 
• Construction of ditches, channels, leach fields and other runoff 

diversions; 
• Sowing of exotic plants, harvesting practices, and brush 

removals; 
• Grazing of livestock and other related activities. 

The group discussed the need of assembling historic records and 
eyewitness accounts of the cultural history and the high value these 
descriptions would be to the research body. Further discussions 
included how scientific data must correlate with historic accounts and 
show that these activities have adversely affected wetland quality and 
that restoration was necessary. 

Key to the discussions were ditches and channels, whether they were 
man-made or natural, and if man-made, what were their purposes -
dewatering and/or irrigation, and did they have an adverse affect on 

Page 4 



0 

0 

0 

the wetland. The invasion of exotic plants was clearly shown to be 
affecting the quality of the natural meadow ecosystem, as were recent 
constructions of stone and gravel road and trail systems. 

• Hydrologic. The hydrological source for Hot Springs Creek and the 
associated wetland is a complex network of springs and hydrothermal 
manifestations, which appear to supply relatively constant flows even 
after winter runoff is complete and in a low precipitation season, as 
was the case this year. This was remarkable information to the group 
and solidified the understanding that the ecosystem is much more 
complex than previously thought. It identified the need of detailed 
research into the hydrological parameters of the wetlands. 

The group noticed that mid-valley spring activity is substantial and in 
some locations saturates large areas of surface soil horizons, thus 
creating ideal conditions for the wetlands. Surprisingly, however, many 
parts of the valley were dry and add to the complexity of the valley's 
diverse properties and complex natural processes. 

The need for climatological regional groundwater aquifer studies was 
also recognized. 

• Geologic. While the meadow and its wetlands are extraordinary, its 
geologic origins may be even more compelling. It was presented that 
although no detailed studies have been conducted, Hot Springs Creek 
valley is believed to be an east-west-trending tectonic depression or 
graben, bounded on both sides by active faults. A number of cross 
faults are suspected to dissect the valley into segments and may 
control not only the rates of deposition or erosion at various points, but 
also hot and cold water spring locations. Hot Springs Creek currently 
occupies a course almost entirely on the south side of the valley, which 
suggests regional tectonic tilting, and has left broad erosional surfaces 
marked by abandoned meanders and flood scours. Remnant fluvial 
terraces occur on both the north and south sides of the valley; 
however, it is unsure if they occupy paired elevations or are 
tectonically displaced. 

It was discussed that since the geologic processes were intrinsic to the 
formation of the valley, scientific research was needed to better 
understand the geological contribution to the ecosystem. Moreover, 
these geologic studies were considered as paramount to the ongoing 
fen preservation/restoration program. 

• Biologic. A rare combination of geologic and hydrologic parameters 
has provided ideal conditions for a rare fen soil formation in Hot 
Springs Creek Valley. While the ongoing inventory defines its 
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quantitative and qualitative extent, other yet to be discovered bio­
diverse aspects of the wetlands may come to the foreground upon 
further investigation. This lack of understanding was discussed, and it 
was recognized the importance of preliminary biological inventories 
being conducted as soon as possible. Possible areas of investigation 
were discussed and include unusual bryophyte and algae communities 
near both cold and hot springs sources. 

Conclusions. 

The National Park Service has acted wisely in identifying the special needs of the 
Hot Springs Creek wetlands and Drakesbad meadow. It is understood that NPS 
is in the preliminary stages of a long research program of a complex ecosystem. 
Furthermore, it is understood that these studies must be mature enough to allow 
for meaningful management recommendations to be proposed. 
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Photographs 1 and 2. 

Photo 1. Soil Core MC-1. 

c 

Photo 2. Soil Core MC-2. 
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Photographs 3 and 4. 

Photo 3. Soil Core MC~3. 

Photo 4. Soil Core MC4. 
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c Photographs 5 and 6. 

N/A 

Photo 5. Soil Core MC-5. 
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Photo 6. Soil Core MC-6. 
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c Photographs 7 and 8. 

Photo 7. Soil Core MC-7. 
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Photo 8. Soil Core MC-8. 
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Photographs 9 and 10. 

Photo 9. Soil Core MC-9. 

Photo 10. Soil Core MC-10. 
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Photographs 11 and 12. 

Photo 11. Soil Core MC-11. 
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Photo 12. Soil Core MC-12. 
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c Photographs 13and14. 

Photo 13. Soil Core MC-13. 
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Photo 14. Soil Core MC-14. 
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Photographs 15 and 16. 

Photo 15. Soil Core MC-15. 

Photo 16. Soil Core MC-16. 
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Photographs 17 and 18. 

Photo 17. Soil Core MC-17. 

c 

Photo 18. Soil Core MC-18. 
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Photographs 19 and 20. 

Photo 19. Soil Core MC-19. 
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Photo 20. Soil Core BHA-1. 
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Photographs 21 and 22. 

Injection 2 
Injection 1 Injection 1 

.. 
Photo 21. Soil Core Mc .. 12. Two sand dike 
episodes probably caused by liquefaction. 

Photo 22. Typical charcoal fragment in soil 
profile. 
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Photographs 23, 24 and 25. 

Photo 24. Boiling Springs 
Lake outflow channel. 
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Photo 23. Boiling Springs Lake 

Photo 25. Dryed Kaolin clay in Boiling Springs 
outflow channel. 
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Photographs 26, 27 and 28. 

Photo 27. Temperature reading of Hot 
Springs Creek at Stream Monitoring 
Station HSC-8, July 14, 2002. Air 
temperature is 85.1°F and stream 
temperature is 73.6°F. 

Photo 26. While Kaolin clay in Hot 
Springs Creek, July 14, 2002. 

Photo 28. While Kaolin clay in Hot Springs 
Creek, July 14, 2002. 
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Photographs 29 and 30. 

Photo 29. Fumarole along Hot Springs Creek 
at Devils Kitchen responsible for kaolin outflow. 

Photo 30. View of Devils Kitchen geothermal area. 
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Photographs 31, 32 and 33. 

Photo 31. View looking 
southeast at the middle of 
Drakesbad Middle Meadow 
from water tank road. 
Date: Late May. Notice trees 
in meadow for reference. 

Photo 33. View looking 
southeast at the middle of 
Drakesbad Middle Meadow 
from water tank road. 
Date: Early October. Notice 
trees in meadow for 
reference. 

Photo 32. View looking 
southeast at the middle of 
Drakesbad Middle Meadow 
from water tank road. 
Date: Late July. Notice trees 
in meadow for reference. 
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Photographs 34 and 35. 
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Photos 34 and 35. View is looking west at Drakesbad Middle Meadow 
from horse path near the Drakes bad corral. Date: Early October. 
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