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Advanced Geologic Exploration, Inc.
Scientists of the Earth™

March 30, 2004

Louise Johnson

Sara Koenig

Natural Resource Department,
Lassen Volcanic National Park
P.O. Box 100

Mineral, CA 96063

RE: Phase Il - a2 Soil and Tephra Sampling

Dear Colleagues:

As per your request, please find the attached Phase Il - 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 include completed soil logs, laboratory results from clay 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 conclusions. 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.

Sincerely,

%/ /X//m

Charles P. Watson
Chief Geologist
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Executive 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 10 inches thick are located across the northern haif
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 Histosaols, it is likely many of these organic-rich soils could classify
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 over time and along with the angular-shaped grains, confirms a alluviai fan
geomorphic province.

The mineral soils are relatively thin packages of soils, usually containing an upper peat-rich
harizon that is underiain 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 haif 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 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.

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 Valiey 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 Il - a Soil and Tephra Sampling
research project. 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 characteristics to reveal correlations that occur both spatial and temporal.

Detaiied soils analysis can also reveal other valuable information about the terrace-forming
environment, such as whether they were formed on, for example, a floodptain, 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 imporiant “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 |l - 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 10 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 | - Geologic Mapping project located favorable areas for soil borings, the
Phase Il - Soil and Tephra Sampling projected targeted areas within the Drakesbad Meadow for
analysis. The “Bathhouse 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 melit.

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 1o allow for easy removal of the soil cores.
Barbs were aiso 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.

Sail 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 Agricuiture (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, including 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 Care Log 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 nomenclature from Watson
(2001), the distributions of cores in the meadow are as follows:

Upper Meadow: 5
Middle Meadow: 12
Lower 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 included 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 active floodplain where scour and fill processes dominate.

Soils with organic-rich profiles greater than 10 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 arganic-rich soils could classify as hydric
soils. No soil met the classification of fen.

Page 5

Advanced Geologic Exploration, Inc.
PO Box 2464, Lake Almanor, CA 86137 » Voice: (530) 596-3221 - Fax (530) 596-3221 « www.advancedgeologic.com



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 socils. 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 clay 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 clay 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 clay 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 classified, 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 clay 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 Backaround

A hydric soil is a specific soil classification 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 classifications are meant to encompass the entire
wetlands ecosystem, including 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 poorly drained with a water table equal to 0.0 foot from the surface
during the growing season, or
b. poorly 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
growing season if permeability is equal to or greater than 8.0 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).

QOraganic-Rich Soil Descriptions

Soils from six cores were identified to have field indicators supporting preliminary Histosol or
organic-rich soil classifications (MC-8, 12, 13, 17, 18, and 19; see Table 1). Principal indicators
included redox depletions descriptions, chroma of 2 or less, and a potentially acceptably TOC
contents over continuous intervals ranging from 13-28 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 classifications 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 clear 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 closer 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 unclear 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 clay contents, and less decomposed organic material
and, therefore, are not classified as Histosols. MC-7 showed an organic-rich section extending
3.5-16.5 inches (or a span of 13 inches); however, the sail 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 (TOC) 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

Soil Core % Carbon Est. % Clay
MC-8 3-6" 17.34 15
MC-8, 8.5-13.5 12.07 15
MC-8, 22-25" 4.92 30
MC-12, 11-16" 8.49 15
MC-12, 19-25° 5.40 15
MC-13, 4.5-11" 9.85 15
MC-13, 11-18° 442 15
MC-18, 4.0-7.5" 8.07 20
MC-19, 5-9° 10.79 5
MC-19, 9-14" 8.13 20
MC-19, 14-21" 5.69 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 8.5-13.5". Although illuvial organic material was abundant in
MC-8, analysis from a litlle 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% clay, thus were
classified as mineral horizons. These samples are MC-8, 22-25"; MC-12, 11-18" 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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Spatial 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 includes 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 clay 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.

Discussion of Histosol and Hydric Soils

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 classification 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 fibric, 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 A1,
A5, A7, S2, 83, S7, F3, and F7 are likely candidates for varicus 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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Water Source for the Organic-rich Soils

The water source for the alluvial fan and the organic-rich 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 meadow year round. Water tends to fiow 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 Drakesbad Guest Ranch. The access road cut through the eastern part of the
spring complex, disrupting the natural fiow 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 shows 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 organic-rich 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 organic-rich 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

Sails 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). Aithough many of the
mineral soils had individual horizons that contained moderate to abundant organic matter,
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Histosol 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 classifications.

The mineral soils are relatively thin packages of soils, usually containing an upper peat-rich soil
that is underiain 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,
silt 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). Although 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 mottling, 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
commeon, 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 haif 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 26 inches to show the relative distributions (Figure 7). All Paleosol P-1 soils
with 26 inch thickness occur on the northern half of the meadow and within the organic-rich
soils. The boundary between the <3 and 26 inch contour is strikingly similar te 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 commeon in the valley,
identifying which depositional event occurred to which fiood 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 l.odge. 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 tectonic 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 characterized by its increased soil development, including increased clay
content, more developed structure, 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 Relationshi

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 clustered soil hues and low chroma colors
low clay 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—-Geologic Mapping portion of the project 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 away 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 soil-
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 The Younger Dryas (a.k.a. Early Holocene)
* 10,000 - 8,000 ka Early Hypsithermal {(a.k.a. Anithermal)
* 8,000-4,000ka Hypsithermal Interval (a.k.a. Altithermal)

4,000 ka to present 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 organic-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 herizon

Depth to the C horizon or the original mineral horizon varies from 16-31 inches across the
Middle Meadow (Table 1; Figure 10). Field cbservations 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 Qutburst 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 spilied up valley. The
discoloration was traced back up strearn 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 fess kaolin and fluid, and the stream
returned to its natural clear appearance, but the elevated temperatures persisted through the
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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 Kitchen “blow-out”, 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 activity 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 within 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 white clays deposits at the Bathhouse Ash exposure were derived
from hydrothermally altered clays 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 resuits, 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 actually
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 clays down stream.

It is not conclusive at this time if the Bathhouse clay 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 Deposits

Nine of 17 soil cores of the Middle Meadow encountered white clay 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-Woijcicki, a tephra expert for the US Geological Survey, reported that subsequent
volcanic eruptions at the Lassen Volcanic Center had simifar geochemistry as the Rockland Ash
(personal communicaticn, 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 ephra 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, 21-28")
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 eastemn 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 distinct 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 effects 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 close 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 fili processes dominate. Figure 7
shows a schematic of this relationship.

Soils with organic-rich profiles greater than 10 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 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 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 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 commeon 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 palecsols 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 Bailing 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, conductivity, etc.) and biology of several locations.
Preferably, this should be conducted 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 paleo-channels, 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 shouid 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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Advanced Geologic Exploration, inc. .
Scientists of the Earth™ Table 1. Soil Core Log Summary

P.O. Box 2464 » Lake Almanor ¢ Calilornia * 96137
Tel: {530) 596-3221 » Fax: (530) 596-3221

Max. |Organic-| Paleosol Tephra or

Core | Organic{ rich | P1(Relic) | Paleosol { Paleosol | Paleosol |Depthto C| Kaolin-rich Charcoal
Core Logging|Length| Interval | Solls Interval | P2 Interval | P3 interval | P4 Interval | horizon Interval Interval |Laboratory
No. Status | (in.) {in.) (Y) {in.) {in.) (in.) {in.) (in.) {in.} {in.}) Analysis
Middie Meadow
MC-1 Draft 32 3 0-4.5" 4.5-10" 10-23" 23-31" ar 29-32" 10-29"
MC-2 Draft 25 2 0-4.5" 4.5-6" 6-16" 16-17.5" 17.5 17.5-25" 6-8, 10-14
MC-3 Draft 22 2 0-2" 2-14" 14-21" 21" 4-14"
MC-4 Draft 21 3 0-5" 511" 11-16" 16" 7-16"
MC-5 Draft 39 2 0-4.5" 4.5-6" &6-14" 14-24" 24" 6-14"
MC-6 Draft 32 2 0-4" 4-13.5" 13.5-27" 27-30" 3o 18-24"
MC-7 Draft 34 13 0-3.5" 3.5-12" 12.22" 22-28" 28"
MC-8 Draft K 29 Y. 0-2" 26" 6-20" 20-31" 31" 22-29" TOC
MC-9 Draft 25 2 0-5" 5-10.5 10.5-21" 21-25" 25"

MC-12 Draft 42 25 Y 0-5.5" 5.5-11" 11-31" anr 25-ar 7-16", 25-42" |TOC, XRF
MC-13 Drait 37 18 Y 0-9" g-22" 22.25" 25" 22-37 11-18" TOC, SEM
MC-17 Draft 19 13 Y 0-2" 2-4" 4-13" 13 13-1g" 4-13"

MC-18 Draft 20 16 Y 0-8" B-11" 13-18" 18-20" 204" 11-13", 16-18" TOC
MC-19 Draft a0 21 Y 0-5" 5-g" 9-21" 21" 21-28" 14-21" TOC
Lower Meadow

MC-10 Draft 13 2 0-7.5" 7.5-12.5" 12.5"

MC-11 Draft 27 2 0-3" 3-5" 5-12" 12" 12-27

Upper Meadow

MC-14 | Archive

MC-15 | Archive

MC-16 Archive

MC-20 | Archive

MC-21 Archive

Bathhouse Ash Site

BHA-1 Draift 43 4 2.5-6.5" 8.5-17" 17-28" 28-31.5" 3" 12-17", 268-31" 26-28" XRF

BHA-2 Archive 63




Table 2. Physical Soil Boring Locations

Soil boring locations are given in relationship to Lassen Volcanic National Park's
(LVNP) groundwater monitoring wells. Some measurements were approximated.

Boring Location

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 Well48

MC-3 14 m west of LVNP Well 28

MC-4 4 m southeast of LVNP Well 45 between two natural channels
MC-5 2 m south of LVNP Well 10

MC-6 22 m east of LVNP Well 2 in depression south of Drakesbad Lodge
MC-7 10 m north of LVNP 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 meast 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 LVNP 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 LVNP Well 112

MC-17 9 m southwest of LVNP Weli 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



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

20 -

Percent Organic Carbon

—4=

Organic soil material
Peat = Fibric
Mucky peat = Hemic
Muck = Sapric

MC-8, 36

Mucky mineral soil materiai

— MC-8,8-13

=i
MC-19, 59
“+ . MC3, 401
-+
e MC-19, 514

MC-13, 11-18

MC-18,475 Mineral soil material

_— MC12,19-25
== MC-8, 2225

MC-19, 14-21

[ | 1 | [ | 1 | 1

Source: G.W, Hurt, PM. Whited, and R.F. Pringle (editors), Fleld
indicators of Hydric Solls in the United States, Version 5.0, 2002,
USDA, NRCS in cooperation with the Natlonal Technical
Committee for Hydric Soils, Fort Worth, TX

1
10

I L ] || ] I I I I

20 30 40 50 60 70 80 90 10
Estimated Percent Clay

Advanced Geologic Exploration, Inc.
Sclentists of the Earth™

P.O. Box 18012 » Rano * Navada » 89521-8012
Tel: (775) 852-0992 » Fax: (775) 852-3226




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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moves down in the subsurface,
saturating the soils.

Currently, the access road
intercepts all of this water and moves

Ditches along the up-slope side of the
road help move the water to these exit
points. There are two existing culverts,
both located at the top of the road.
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placed at various location to capture
runoff on the road. Maintenance of the
culverts would be minor because little
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Figure 7. General Location and Thickness of Paleosol P1 (Relic) Soils,
Middle Drakesbad Meadow, Hot Springs Creek Valley, LVNP
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Figure 8. Schematic: Fan / 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

" MC-1 3 Basin l ‘

oy .
MC-19 bl T -t Basin
MC-18 7 ~ Lodge
® # /) Fe= - .
. Plateau Basin /. &Y Up,,ft’, ~=- Mc-a ' ]
. 4 \
\'\ . Basin.." % 'I Mc:" Utht 3 MC-7 .:"' l"-.,._-
e , ]
) \-. MC- oMCAT “ca I .“l' ' e Kk
)\ -, MC-12 % 9 X R . 4 MCS g0y ~ -
- ‘ Yot # " = ® ¢ Basin " Uplift MC5 ! N Mgy UpI
] 1 “e-.a Uplift A ; - \Basin % s
[ | v e, =00 """ eaa., - G N e e aE MC-8
i ‘~ =" s ':' ! ] N /7T : )
I~ I-\‘ .l~’~’ ke § — -t \} ,~ P OOI
| ' - Cre 9 5
H ~'.l-l-!-“ S ., \
o t " S ‘s r l n ‘9- =%e 4' “' '!
" - P. ______ - ~o.~~ -l."
& Possible fracture (ball on down-thrown side) A

D General outiine of Middle Drakesbad Meadow

® s Coring Locations

MC-15 Advanced Geologic Exploration, inc.

Sclentists of tha Earth™

P.O. Box 16012 « Aenc ¢ Nevada » B9521-8012
Tel: (775) B52-0992 » Fax: (775) 852-3226

<m_- Trails/roads/structure




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,
Middile Drakeshad 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
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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
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Soil horizon (O, A, E, AB, B, 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 inches)”

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, Ciay Loam, Clay

Percent sand/silt/clay {SSC) : [sand]%/[silt]%/[clay]%

Moisture (dry, slightly moist, moist, wef)

Ped Structure (apedal, weak, moderate, strong

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

Ped Shape (platy, prismatic, angular blocky, sub-angular blocky, granulay

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

Stickiness (non-, slightly, moderately, sticky, very}

Plasticity (non-, slightly, moderately, plastic, veny)

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, high

Iron stains (trace, few, some, common, abundant; mottled?, root casts?

Coarse Sand (trace, few, some, common, abundan$ (angukar, sub-angular, sub-rounded, rounded

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

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

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

Other items of interest .

Lower boundary (sharp, gradual, irregular)

Soil origin comments .



Appendix 1b. Soils Classification and Lithology
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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

» Totatl Organic Carbon Analyses of Organic Samples;
Oregon State University

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

February 6, 2003

Dr. Stan Mertzman

C/O Warehouse

Franklin & Marshall Coliege
501 Harrisburg Avenue
Lancaster, PA 17603

Stan,

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

BHA-1
BHA-2
DK-1
BSL-1

As per your instructions, enciosed 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 | can be of further
assistance, please feel free to contact me at your convenience.

Sincerely,

st 17 6%

Charles P. Watson
President / Chief Geologist



FRAN(LH\@/L%HALL

Specimen BHA-1 BHA-2 DK-1 BSL-1
slo2 51.79 51.93 74.58 52.46
TiO2 4.40 453 1.16 3.84

Al203 36.27 ar.27 16.75 39.49
Fe203T 4.20 3.04 4.05 211
MnO 0.04 0.03 0.01 0.02
MgO 0.53 0.43 0.53 0.40
Ca0 0.58 0.56 0.27 0.22
Na20 0.31 0.25 0.65 0.14
K20 0.32 0.27 172 0.30
P205 1.06 0.99 0.22 0.83
Total 98.60 99.30 99.94 99.81
Lol 14.98 15.06 17.21 16.71
Rb 47 4 125 1.3
S 726 699 684 449
v 28.9 27.8 112 229
2 388 409 290 369
v 230 2n 104 181
NI 12 12 14 17
Cr 101 99 31 103
Nb 30.4 356 11.2 31.9
Ga_ 409 | 427 253 386
cu 1 4 24 27
7n 24 20 15 a1
Co 4 5 12 5
Ba 2582 2496 1433 2026
La 88 87 20 73
Ce 236 227 46 189
U 3.9 33 3.2 2.8
Th 10.9 10.9 9.1 10
Se 30 30 12 27
Pb 21 20 17 23

DepARTMENT OF GEOSCIENCES  FrankLin & Manrsiiall Cottege PO, Box 3003 LawncasTer, Pennsyivania USA  17604-3003
Terernone: 717.291.4133  Fax: 717.291.4186
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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, | would like to go forward with a probe analysis, but let me know what you see
first. Send me an e-mail asap.

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

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

Sincerely,

Uil o OB

Charles P, Watson



June 19, 2003

Charles P. Watson

President / 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 0.41 to 0.47 ma.

I trust this data will 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@mail.w u) 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



TABLE 1. GLASS CHEMISTRY OF MOUNT LASSEN TEPHRA SAMPLE

Oxide Sampie MC-13

Si02 77.83(0.37)

Al203 12.67(0.21)

Fe203 0.88(0.10)

TiO2 0.19(0.02)

Na20 3.50(0.15)

K20 3.81(0.15)

MgO 0.15(0.03)

Ca0 0.88(0.12)

Cl 0.06)

Total** 100

Number of shards analyzed 16

Probable Source/Age Rockland tephra
0.41-0.47 ma

Similarity Coefficlent*** 0.97

* Standard deviations of the analyses given in parentheses
** Analyses normalized to 100 weight percent
***Borchardt et al. (1972)
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PO Box 2484, Lake Almanor, CA 86137 « Voice/Fax: (530) 586-3221 » www.advancedgeologic.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

| probably needed these results yesterday, but as scon as you can would be fine.

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

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

T

Charles P. Watscn



082703 WED 09:50 FaX 541 737 5725

CENTRAL ANALYTICAL LABORATORY
Oregon State University

Herb Huddleston

Croo & Soil Science

Sitbmitied: 8/24/03

Gp 03427

o :

Sample Lab C N
Number{  Number % %
1] 03427.01 17.34 1.41

2] 03427.02|. 12.07 0.786

3| 03427.03 4.92 0.27

4] 0342704 8.48 0.75

51 03427.05 540 0.44

6] 03427.06 9.85 0.73

7| 03427.07 4.42 0.35

8| 03427.08 8.07 0.66

9] 0342709 10.79 0.50

10] 03427.10 8.13 0.60

11| 03427 11 5.69 0.50

T o e

0SU SOIL SCIENCE

@uol

Department of Crop and Soil Science

SOIL

\/v’i@(



1 Advanced Geologic Exploration, Inc.
Scientists of the Earth™

September 5, 2003

Dr. Stan Mertzman

C/O Warehouse

Franklin & Marshall College
501 Harrisburg Avenue
Lancaster, PA 17603

Stan,

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

If you could be so kind as to e-mail me the resuilts 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 / 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.

Page 1

MC-12

Sgeclman 31-33
Slo2 57.14
TIO2 0.74
Al203 17.15
Fe203T 1.90
MnO 0.02
MgO 1.05
Ca0 1.23
Na20 1.09
K20 1.35
P205 0.07
LOI 18.60

Total 100.34




Appendix 3

Soil Description Logs

(also see Table 1. Soil Core Log Summary)

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



Advanced Geologic Exploration, Inc.
Scientists of the Earth™

P.O. Box 18012 « Reno ¢ Nevada » 89521-8012
Tal: (775) 852-0992 » Fax: (775) 852-3226

Soil Description Log
Hot Springs Creek Valiey,
LLassen Volcanic National Park

BORING NO. BHA-1 TOTAL DEPTH: 43" DATE: 9/10/02 TIME: Afternoon
BORING LOCATION: South of Drakesbad Bathhouse, ELEVATION: 5570
south side of Hot Springs Creek at stream cut WEATHER: clear, hot
TEPHRA/KAOLIN: Yes DEPTH: Many QUALITY: good SPECIAL NOTATIONS: refusal at 43"
CHARCOAL: Yes DEPTH: 26-28" QUALITY: good
Depth | Lithology | Horizon | Description
0.0% — 2 _IT® AC: Depth: 0-257, me(?ﬁYR 473), Sandy Loam (SSC: ﬁWW%ﬁ%antapodal siructure; looss; non-
-J AC - non-plastic; sbundant fine roots (30%); few large roats; high porosity: suhangular sand;
o ‘ ﬁ;mﬁmpubﬁlu mmm%%m%mm&w -
T ——{® 105 Dep. 25657 PALEGSOL P1 RELLC) Blck (10 YR, /1) Oranicrich an SSC G0WI5HEN,
L Dzv loosanmﬁ%tlzjky)non-p( i Oruan S%kw ‘sl‘nghp(t’:“mi i
mhm\dedtusubarmhrmemad ; no graved, nupebbles Cnarsssandlemefrm
& 4+ 50-6.0°. Buried
@ 20A1b: ssw PALEOSOL P2: Very 3n) Clay Loam (SSC: 10%/55%/35%);
20A1b—r w uopedmm firm, snghw ! mgggnc:imm ne ool ebb& “‘ﬁéﬂﬁ m%mgw}
9" -+ ' altopbop?us:;yandmkaohndaymhin T, ConA by P o s
| 20A21b th 9.0-12.0°; Very dark R, 311), Organic-fich § SSC: 20
R L e
B b&bﬂmﬂ&'gmdgnopebbhsllmoemh T Bty ot B e e T
15" 4+ feremomoeimo 2BCvh o 280 Dept. 12,017, ety dark gy b SYR,1 - 10YR, 71 Kaginich Clay (SSC. (020%70%
T T R L e s T T
RN mlh th, somel:g Iz iliuvatial organi tterfexsu.‘:mmd to angular coarse sand; no gravel,
ﬁnalmunday mqhoutrmm d:mdanlfrmifas-ﬂ'mgraym-wm te band; trace suphur
18" 4 melShupm ndary
3Cvh H\17D—250"PALEOSOLP3M hb 5YR, 412), Shty Clay (SSC: 10%/50%/ edal
e _J.dwdagsmm plaslu: ru«n 10% : ww'gtsq) m!smmp;gsdr
21" - 3Cvh trace iluvial mcmamrin to abrou
mpebbles Imcemm ﬁnekaomelay thmughoulhonznn 80Ma mﬁPﬂ |1OYR,7I1) kaolin-rich Byhas hacewlphm
ouddation of minerals, forming some oxide motties; ts near basa. Sharp lower
boundmy Buried lmoin—m‘h Iayefm!h waaksoildevehpmmt
24" L e
27" i
A @ 4ACY 28.0-31 5, PALEOSOL P4: Light gray (10 YR, 7/1), Kaolin-rich Clay (SSC: 1omoswoss.md
a0 + b e e ancv I dw% ughw‘ Wp&%u%( } *ﬁ&%
M .' Bumx%(BHA o hm mmhmmnl kaoh-ndmoilwimwaukaoﬂdwdupment
33 T :
oy o %V nepmasﬁ;-qprg;hamm%uom m)vggygsgc 15msmo§)hnyscwgwdegdapedsmm : gl
36" —+ oo gﬂ‘rg', et Iay}eu, uﬁ?.}? gt syl mfo mmnde
oo iron mine
E'%u “)) Gradna! lower boundary. SN comeL
39" o
BRSNS e 3C2v: Depth: 40 0430, Grayish brown {10 YR, Loam (SSC: 15%/55%/30%); | developed structure:
o] R | SR m A e e R e e
FIIRNNANY mica, trace kaokin clay throughout horizon; some axida motties. Refusal at 4
TD 43"
45"
48" |




BORING NO.

Advanced Geologic Exploration, Inc. | S0il Description Log
Sclentists of the Earth™ Hot Springs Creek Valley,

P.O. Box 18012 » Reno * Nevada » B9511-8012
Tet. (775) 852-0992 « Fax: (775) 852-3226

Lassen Volcanic National Park

MC-1

TOTAL DEPTH: 32" DATE: 8/02/02 TIME: Afternoon

BORING LOCATION: Drakesbad Meadow, south side of ELEVATION: 5575

valley, north of Dream Lake trail cutoff, near Well No. 135 WEATHER: clear, hot, smoky

TEPHRA/KAOLIN: Yes DEPTH: 29-32" QUALITY: poor SPECIAL NOTATIONS: Refusal at 32"

CHARCOAL: Yes

DEPTH: 10-29" QUALITY: good

Depth | Lithology | Horizon | Description
0 on e
rco Depth: 0-3.0°; PALEOSOL. P1 (REIJCI Vary:h;kgmy{?ﬁYRhaéir}O&m Bandy Loam‘stssc 50%/40%/10%; dry;
0 mmammmm no gravel, no pebbles, gradual lower boundary. Surface mlac%anlchomtoﬂmdphlndeput
3u e
ACH: Depth: 3 0-4 5°; Grayish b 10YR, 52 SIIl SSC: 30%/60%/10%); dry; loo: | developed structure;
, non-plas hc‘mnyﬁr':wrg&s ) pomswy mlmns ) mbsmm
sand; nogmel no
6“ == b
20ib: Depth 4560° PALEDSOI.P?_BM(I.SYR,SIZ o:wmsmum(ssc 30%/60%/10%); dry, loose, epedal
developad struc on-sticky; non-plastic; fine roots; ight decompasition of organic h
porosity, no grevel, ngpdabhs hnguhmgfmb%ngry memduﬂawichonzonbabuﬂedsoil -
9"+ b Depth 6.0-6.0" Derk gray (10YR, 472) Sit Loam (SSC: 30%60%/10%):dry,kooss, epedel dev tructure;
m nﬂ'ﬂ’mﬁqmm“ﬁm )ronh sﬁghls luvial organic mattar; ’l&‘.’.’m . 80Ma & tbrbﬁmmiéds mi:angntfg
coarse sand; no gravel; no pebbles; irregular b
12" - 2A2ihb: Depth: 8.0-10.0°; Dark Geay (1 OYR 411]smLoam(SSC 30%50%/10%), dry: loose, apedal developed structure;
las fi of
nore-sticky, non-p nc many nemo 'Erools mﬂnwomn;mw tdaoorrpasiban otpamcmattsr
15" 4+ 3Aihb: Daplh 10.0-15.0°, PALEOSOL P3: Gray (5YR, 5/1) Siit Loam (SSC: 20%/60%/20%); slightly moist; weak, medium
sl' astic; fine roots, few rools; Huvial tier;
Iozl;y "’M"m bk mm e ins n;hln?: m@ds?ﬁgl casts; w;:v“: atr%tal
fop soil; wmmonsu rmmdedtuwbungummtsesam nopebblaa lawclmmelfmgnmts Gradual lower boundary.
18" < 3Bhb: Depth: 15.0-18.0°; Brown (7.5 YR, 5/2 ClayLoa SSC 205950%0% medium subangular
E:Pds slight to mderabgbcky anqﬁiys;':"' i m( wm‘?ghma k'anicmaltarbw
Eﬁ:y&regm;xﬂl%emlm sgnwa rootcasg w{mm&m&mmm : trace subrounded
21" + @ 382 Dep 15,23, Brown 7 5YR, 472 Loam (SSC 40WA1%20%; st ot medium, syt bk pec, gty
foots, trace ts; low oxide stains, some ed root cests; common
mf:mguhm %@mmmMmmmm
24"
- 23-29", PALEOSOL P 4, Dark Brown Clay Loa sscaommuso weak,
al?;p atmctma s Hyshckrsﬁghﬂyplashcgwmemo)ts trlge m( ts; medium %rzynr‘n%?rtonslam:pgﬂmn
o7 - coarse sand, no gravel; dmalfragrrmh Sharp lower boundary.
30" + @ 4BCh’ % - 2031, LightBrqulemy(m: E ; Tephra andior Kaolin-rich GmeuySandy Clay Loam (SSC:
k, subs gl.“ﬂ o‘n‘m fine m
200000 mnmb“tﬁmund Mm w;odwc::i mza:rmmmmm&m%
ag" + TD 32" feochure. Immmb&ﬂ“ﬂ O':ﬂb ank deposit. .
C2: Depih: 31-37", Light Brownish 10YR, 6/2); T dior Kaolin-rich Loamy Sand (SSC): 80%/10%/10%
dly,%ra lfv'ghapede de( swcmrg nm non-plastic; msm non?h;yge rnol‘s l’l ly; fow .
6" —- iron oxide stains, common gravel, pebbles; abundant tephra and/or kaokin-vich materiel, Refusal at
39" =
42" +
45" 4+
48"




BORING NO.

Advanced Geologic Exploration, Inc.
Sclentists of the Earth™

P.0O. Box 18012 # Reno » Nevada ¢ 88511-8012
Tel: (775) 852-0992 o Fax. (775) 852-3226

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

MC-2

TOTAL DEPTH: 25 DATE: 8/02/02 TIME: Afternoon

BORING LOCATION: Drakesbad Meadow, south side of

ELEVATION: 5575

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

WEATHER: clear, hot, smoky

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

SPECIAL NOTATIONS: Refusal at 25"

CHARCOAL: Yes

DEPTH: j0:14° QUALITY: good

Tephra/Kaolin sample MC-2 22",

Depth | Lithology | Horizon | Description
00" — L@ O: Depth. 0-2.07, PALEOSOL P1 C) Dark gray (7.5 YR, 4/1), Pmsa% gsc S0%/A0%/10%), dry; loose
(o —1 developed stuciure; non I-as d:undanfme roots; many igh porosity; few subrounded
0 subangular coarse sand; no gravel; no boundary. Surfece organlu harizon to flood plein deposit,
3“ —— - Ac u —— e
- 1@ AC: Depth: 2.0-4 57, Grayish brown (7.5YR, 42 SIItLolm SSC 3050609910% , apedal developed structure;
Dep mm ﬁmmgw mm;&ﬁa ( B o subanguiar coarse sand; no
2ACIb gravel, no hcnzmhlbod dqm
LIPS B
€' ;222;;2;;:2? — 2ACib: Dq:lh 45-GD' I’ALEOSG.PZ Brmt';u (7.5YR, Dmnlc-rlen!; SKLO&LW 30%0%‘10%} dry, loose
20550055055 nicmaﬂer h darcoarse gand; no gravel; no lea In'egularlowerbomda
o | [ Patola "f:'}mm’m'“m“"um bion deposit i %
222222255571 3 pBit —T® 3Alhb: Depth 6 0-8.0°, PALEOSOL P3: Very dark gray (7.5YR, 31); Organic-rich Silty Clay Loam (SSC: 25%/50%/25%).
1737777271 375 ]| iy kvt v s, o b s """m“’ Gl mary o o,
iLliiliois few large roots; sllgul,il illuvial organic matier; slighl decomposition organ pomsug iron oxide steins;
12" — $$$$$5$5$$$ﬂ some subroundsd aulmgdarmmnd gravel; nopd:bies m tional fowerbamdary
255244552571 3Bhb — 4@ 3ABhb: IABhD: Deplh: ao-m' Derk gray (10YR, &/1) Silty Clay Loam (SSC: m%somms) shghty most, medum,
oo5 0055000 %m
o0 e o002 r 00 s] ubmguhr peds, sficky; plasfic; fine roats; few large roots
150 4 :{g{{;{{{g{} P anammﬂxﬁghpnmmy subangular coarse sand; mgmva{,mpd:b(os Imegular lower
RRNNRER —]4@ 38hb: Depth: 10.0-14.0°; Vawtmm br?aunb 10YR, g: ; Sitty C Lolln (ssc mwsomﬁ;llr) oy h
developed struciu umswangu r m
“a'n"a"n"a"q 4Ahb ﬁﬁﬁ%mnlg mm mun:gd :ganq:l mr“nzndedmubmgﬁu?eg'guou,
18" 1 [T mpd:blas;fswunaldlamoal ts. Irregu!arlowarbumdmy oodplam
R N v - . . :
Mot C1v 3B2b: Depth: 14.0-16.0%; Brown (7.5YR, 4/2); Clay Loam (SSC: 25%/35%/40%); dry; firm, moderately developad structure;
4 v v v v e o £ &
v www v medium bl : slicky; modera tic; soma clay skins, few fina roots; few roots; low :
g D et . 2 ke
21" 1 [eiviwiviviv] coarsa gravel; no pebbles: few small charcoal fragments: few tephra kaolin-rich maiarial, forming mottied textise.
: '.:-:.:-:»‘ C2v Irregular lower boundary. Basal soil horizon on
v-v“::: 4Aib: Depth: 16.0-17.5"; PALEOSOL P4 Brown T nd/or Kaolin-rich Gravelly Clay Loam (SSC:
24" — t-:-.:.:.:.:-: C3v 25903%40%)_ dry; firm, weekly mg,?“' maﬁu‘?)maf.pt;hhrb peds; smﬂyshdcrmo’;yua pleshn'soma
v e cley skins; few fine roots; frace lerge Iowpnrosﬂrtraoah'onshm oxidized root casts; sub
" coarse sand; some subrounded o r gravel; i pebbles; common tephra end/or kaofin-ich material, mozﬂed
TD 25 Gradual lower boundery, Old eroded soil.
w 1
27 1 Ci.Dept 7,527 Bown (7.5VR, 512 Tophra andio Kaoiich Gravly Sandy Lown(S5C. SI%0%/10%) d%
iydevelopadsh:dwaﬁna non-swky'mnplmﬁc' lew fina roots; few mum um o h
gome iron oxide stains; monsthrwnded r coarse sand; common sub lnar.hangular
30" + pmm.m common taphra and/or kaofin-fich material, i r lower boundary. Small channel deposit.
‘szDepﬁ 20-237 SYR.TH ra andlor Kaolin-rich Clay (SSC: 40%/20%/40%); dry;
o el o 5 I et
; irace iron axide sand; few subrounded to subangular gravel;
33" + no pebb : common tephra end/or ka ulin—ﬁd'lparbcles Inaguhr lower boundary, Reworked tephra/keckin deposit?
tle Cav: Depth: 23-257; UmlGray(TbYR my Tephra andfor Kaolin-rich Gravelly Clay {SSC: 40‘5020%/40%)
praes e o e
" _| meﬂy. goma mmmmm dmnda%hf:wmﬂurﬁw n-ich matesial, monlad texture; ahu
36 ~ subrounded to subangular coarse sand; conunonst.bmundedmmhanguhrgmal faw subrounded to submgularpebbles.
Refusal at 25°. Channel daposit.
39" +
42" <
45“ il
48"




Advanced G

P.O. Box 18012 =

eologic Exploration, Inc. Soil Description Log

Scientists of the Earth™ Hot Springs Creek Valley,

Reno = Nevada * 89521-8012

Tal. (775) 852-0992 = Fax (775) 852-3226 Lassen Volcanic National Park

BORING NO. MC-3

TOTAL DEPTH: 22" DATE: 8/13/02 TIME: Afternoon

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

north of Dream Lake trail cutoff,

east of row of trees 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 | Lithology | Horizon | Description
0.0" —r 5 [®Q Dept 027, PALEDSOL P (nsmw ark gray (75 YR, 4], Peat Sandy Loam (ssgngowanw1u% - dy, med:lm
i . bﬂuudphhm'i?ﬁb mm;mm;mmm%.
3" -
18 3Behb; Depth: 2.0-9.0°; PALEOSOLP:TV«ydarkbmwnHD I2); Clay (SSC: 10%/30%/80%}); moist, fim, moderate
_l- developed struchure; blod;y‘peds" ; very plastic; some fine rools; fraca large roo's, silghtllfwahalorgam
6 + 3Behb matier, rnoda;;:ad:mnmm orgwcmg;t:vrd mmd&m%mﬁg;ﬂrg mghbmwtgded lnmbangular
mdhmdnﬂuodpmm i Erotisd
T e 32t Depth: 00140 brown (10YR, 372 SSC: 10%15%75%); moist; moderate
1413 [ J" gt ﬁﬂm% bl iuy’éﬁni'ﬁa‘fyml o o ol ot e s oo, sight
hEED 3B2ihb lhwutnlomannmttaraﬁghldamnposmon urgamcmal’nrlawpoma fawmnmddeshms commion subrounded to
12" - h; subanguies cosrse sand; some subrounded to suba o h'amal:mmdadbabangularpdiblu no charcoal
: WMB.GMWW.MQU aoionaﬂoodphndapoa
" b: Depth: 14 0-17.0°; PALEOSOL P4: Dark brown (7.5, 372 SSC: 5%/10%/85%) firm, modera
L 4Bihb | m'l i mfuarbbdq yr sy vﬁ@uﬁ.ﬁw ﬁ“&mﬁ'mﬂw
ugh ono mn gravel; mpd:rglsgnodu!g;dfmgmenls mhrbwabomdawm =
18" + 17021, Yelowsh b (10 YR, 54 Gavely Gy (85C. Z5%/10%05 very frm_ moderale
L bt 4B2b g ‘awmml:mdummﬂy YR' X pﬁs& %)raeaiargamls
mmmm%e&sgﬂmwgmm i ity b, Gmdulebwmm mm&%
21" - oh ‘ gg:arhdas Some acid leaching of minerals and grains, e TSk
" 2] th: 21.0-22.0%, Light brownish 10 YR, 672}, C Gravel (SSC: 15%/M10%/75%); firm, moderate
wl [ D7 | B e
T mgmmmmummmm WM&:MpW@ﬁ *
2r +
30" T
33" s
36“ —
39" 4
42"+
45" +
48" |




Advanced Geologic Exploration, Inc. Soil Description Log

Scientists of the Earth™ Hot Springs Creek Valley,
P.O, Box 18012 = Rano » Nevada = 89521-8012 % &
Tel: (775) 852-0992 = Fax. (775) 852-3226 Lassen Volcanic National Park
BORING NO. MC+H4 TOTAL DEPTH: 21" DATE: 8/M13/02 TIME: Afternoon
BORING LOCATION: Drakesbad Meadow, axis of vailey, ELEVATION: 5575
northwest of Dream Lake trail cutoff, west of row of trees WEATHER: clear, hot
_TEPHRA/KAOLIN: No DEPTH: nfa QUALITY: n/a SPECIAL NOTATIONS: Refusal at 21"
CHARCOAL: Yes DEPTH: 7-18" QUALITY:good
Depth | Lithology | Horizon | Description
0.0" -F _I'h 0: Depth: 0-3.0% PALFI.&SOL P1 (RELIC). Dark uté% n%; rme. 3:%&: Peat SlndyLnan&gSSC 70%1205910% dry; ﬁtﬁl
o mﬂty Btbmunde&g’ mnu?%asaw mmm&%mmd na gmduallwar
i ndary. Surface organic horizon to flood plain deposit.
AC _.-nm:noepm 3&;}‘ 8mn(10YR.4.f3}SlIthlm Lssc:s g ?dd nmmmm iy
| pebbles; sormsmaﬂkwﬁn humdﬂ'y Besdhonzmhlnud
6" T .
20ib _JTZO!: Depth: 5.0-7.0°, PALEOSOL P2: Black (7.5YR, 25"t’fm rganic-rich Silt Loam (SSC: 5%/75%/20%; moist, apedal
duvslq:ednwdua loose, lestic, decomposition;
moderats some subrounded %uwmammhrwmw:sm rgravelmlzw subroundad
gl ; o subangular pebbles; gradual lower boundary. Surface organic horizon 1o buried peat horizon
5YR, :
e — (S AR e T 1 AL R S, gy
‘ organb ermdembporusﬂr decilusd:ang ular coarse sand; eome sub to subanguiar gravel;
12" -+ no pebbles; some charcoai fragments. Gm:ll.nllowerbum
[® 3A1ehb: Depth; 11.0-13.0% PALEOSg;.dBP!sDnrkbmwnUSYH Jﬂl,.‘manll:Lum(SSmCogS%CthS'}ﬂ rr:g;mak
dﬁm fuuddzedmot hgv — %km
15" =+ mnmstbmnﬁedbnbumbrwd no ; many charcoal fragments. Gradua! lower boundary.
|,.3AZ'H|b Daplh 13.0-16.0%, Dark brown (7.5YR, 32}, Loam (SSC: 405040'!020‘!5) ist; weakly developed siructure
pedss weak; sticky, non-plastic, many fine rools; few lerge roots; El': m:aluuamcmatlarmuiampomsdyfaw
18" + bswa::irpebﬁles many charcoal fragments. WMW?!MMM P 0
: 3 '-'cma Depth: 160—210 Bmﬁmﬁ&mvﬂly&ndym SSC 70%/2 I 0%/10%); ot loose, mfawl i
21" 4+ = stains, abundant suhmundedbubanguurm saﬂd mulugmdm’%mroumnged
1D 24" subangular pebbles. Refusal at 21°. Flood plain parent material
24"
27" =
30u -t
33" e
36" 1
39“ N
42" 4+
45" +
48“




Advanced Geologic Exploration, Inc. Soil Description Log

Sclentists of the Earth™ Hot Springs Creek Va“ey’
P.O. Box 18012 » Rano » Nevada » 89521-8012 - -
Tl (775) 852-0992 = Fax' (775) 852-3225 Lassen Volcanic National Park
BORING NO. MC-5 TOTAL DEPTH: 39" DATE: 8/15/02 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 398",
CHARCOAL: Yes DEPTH: 8-14" QUALITY:good
Depth | Lithology | Horizon | Description
0 0“ —
* o
o — e e e A A ey R T
____________ mbusagm coarse sand; racs rounded fo subal coerse gravel; no pebbles: trace
g fonnadsesensd AC Gr!dwallowerbound oa organic horizon to flood plain deposit
------------ ® AC: Dmth 2.0-4.0%; Dark brown (10YR, 412) Silt Loam (SSC: 5%/70%/20%); moist; apedal developed structurs;
I
ol W 2Aib 1 looss; mnmimpgﬂm 'mﬁgrr;mm , medium porosity, no no pebbles. Imegular ower
= 75
2Aib: Dq:vﬂ;k; %ﬁsm% P2: Dark brown (7.5YR, 372), Olrnl: Siity Clay Lur: gsc 10%'50%!30%) rnmst;
od ; modersts porosity; o iron stains; trace gravel, no pebbles; gmdmlbwer dary Eroded ofhured
3ABahb-L.
6.0-14.0°; Dark 1 - 10%/40
.. e R S B S
12 T :Pldemimmgwm@m oxide mo alhaﬁa ﬂawondﬁumtmta mmmmﬂodbp:ﬁ%dxwm;
no pebbles; trace charcoel fragments; some kaolin particles. Gradual lower boundary. Eroded flood plain deposit
15" 4+
OMM$1SU‘ P%Pﬁmr hcgwﬁom 3!1) Gmmssc 20%(2&1;50% nmm
organic mattar, moderate organic matter puud oxide stains and molﬂml some oxidized
18" root casts; wmmmmbmndadmmbangmnrgmei mpebbles mkmlmparhdu Gradual lower boundary.
th; ‘!60—240' Dark h b G Clay, {SSC: 30%(205(150
By
" wmnm":g;admt-b eumou ma abangtm:gravel Iensatza—uﬂqehmpdibles some
21"+ kaokin particles. Gradual lower Bamlsoﬁmaloodplmdqnsﬁ.
24“ —

@ Cig: Depth: 24.0-30.0°; Yellowish brown (10 YR, 5/4); ?DI;'LLolm (SSC: 40%/30%/30%); moist; apedal developad structure;
sl tly non-plastc‘lmcaﬁnomnls trace grmmuronoxndemlm and matliing, common
oxdized castswm wmnwbroundedtnmm coarse sand; common subrounded rounded to

o7 4 mw Iraeastbmundeamnbangu lar coarsa pabbles,; somkaolmpmtides trace sulfats coatings (7). regular
b | -.cagoapmouawm SSCWO% moist; apedal developed
mm& mmhmgcm % maﬁammmmm
ing; some sub rnuarsegmval frace subrounded
33" + bsubangulurmm pebbles; some fmounpamdes traca sutfates coatings (?). lrregular lower boundary.
36“ — o
9 C3: Deph 360-39.0';_Ya|lomshb|mn 10YR, ﬂd);GmMyl_.nam(SSC 50%/40%/10%); moist; apedal devekoped structure
- mmmmmﬂm e R e g Tk bRt & Mbenot
42" = I
45" -
48"




Advanced Geologic Exploration, inc. Soil Description Log

Scientists of the Earth™ Hot Springs Creek Valley,

P.O. Bax 18012 » Reno * Nevada » 89521-8012 - -

Tal. (775) 852-0992 » Fax (775) 852-3226 Lassen Volcanic National Park
BORING NO. MC-6 TOTAL DEPTH: 32" DATE: 9/5/02 TIME: Moming

BORING LOCATION: Drakesbad Meadow, southwest of ELEVATION: 5570

Drakesbad Lodge.

WEATHER: clear, hot

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

CHARCOAL: Yes

_DEPTH: 6-14"_QUALITY:good

Depth | Lithology | Horizon | Description
0.0" —
* ri® O: Depth: 0-2.0° PALEOSOLP‘!(REL!C) Dark 5 YR, 3/2), Peat Sandy Loam (SSC: 70%20%/10%);
’ § q,' mmme&bnbﬂglarl arte ﬁ&aﬁ:ﬁ&-&hhw’%mé m“ "&:TW
rsa : :
3+ e mwmldazy Surface organic horizon to flood plain deposit e -y
__'qOAC th. 2.0-4.0°; brown (10YR, 4/2) Sitt Loam (SSC: 5%/85%/25% apadal developed structize;
Dwmn-sbcky non hﬂ'ﬂ’ { n\am}'largemohrSmadiunpomsﬂrn!:ms&am some subyounded to
2Aehb 1 u.l:mgularmemnd nawel nopdablee Imegaular lower boundary.
6" T @ 2Ashb Depth. 4.07.0" PALESOL P2 Dk brown (7 SYR, 2], S8t Loam (SSC: 25%60%/15%): majst, weakdy devecped
ilwﬂmmcnq, matter; moderate mbmd'mmwmef' hm&b&l:lﬁadb hﬁmmm
g L 3 2A2ehb-L race subounded {0 subanguiar coarse gravel; no pebbles; gradual lower boundary
2A2ehb: Depth: 7.0-10.0", Dark brown (10YR, 3/3), Silt Loam (SSC. ﬁmmuwﬂ E woakly developed
.moderatal:l?wr tbrn@?:s:mn&osdomn‘s ; , moderats ?Mt?ud?;‘:umh%
ma porosity;
12" -4 2Bahb with depth, w:glgr:gfcmrmﬂtmﬂadmmmhrm mgtwd,mpmo Iomrbomdur?
2Bahb: Depth: 10.0-13.57; Mm:ﬁdsbmn{SYR,m Siity Clay Loam (SSC: 20'&55%5%)
structure; weak moderately sbicky, siightiy-plastic, some dﬁv
ihuvial 0 rnalbr maoderate porosity, H:l.mdant mottied iron stains and common iron usis some
158" + 3ABehghy r coarsa sand; no gravel, no pebbles, smaf charcoal fragments al 12°, “sooty” basal sachion, Shafpluwefbnmdaty
Ue 3ABehgb: Depth: 13.5-18.0°; PALEOSOL P3: Dark raddish brown (5YR, 3/2 SSC: 10%/30%50%); moist; moderal
'dwolopadsnt?;mm medium mbkx:lqpads firm; varymry,vary ) agrf'ne mb,bamh?&mom,modefm
18" 1 m&m&wmm _ mmhmndedbsmmmﬁarm mMnmﬁa Ll anmen
m,wmnﬁﬂnmmlmm i
21"t 382ingh | e anper i ”ﬁﬂ“’”‘“’“’““zmmlﬁ?ﬁ e Rkt trcs g e g v g ornaniscummnera
maoderaie otgmcmalmr porosity; umdastmsmdmmnmdam  COMMmon
gleying; some mdedhslbanﬁ coarsa sarl; mmmm@m ol few subrounded i
24.. - i subangular pebbles; trace charcoal ts; abundant kaofin
383hgh; Depth: 24.5-27.0°: Brown 5YR 514 San 58C: 45%!105945% modera eloped structure,
. | Bbdicsemi I i bk, el e a&?” : e b g e slght Muvia
2" 1+ - e :Emlcm wlowpomsity’abmdantmotﬂedlmnmodeshmmdeomnmdemlms!s common gleying; abundant
& rounded fo subangular coarse sand; frace subrounded fo subangular coarse gravel; mpeBbles some kaokin particles
Gradual lower boundary.
e napmwaoo PALEOSOL P4: Light brownish 1 Loam (SSC: 65%/5%/30%)
30 o eveloped structure mm&.ﬁﬂ W“’% Sandg” ha{cseﬁneroois IramLma
e Lz mmmmmodmno:idam:wdmg modarammnm( carmentation, common
roundadtoubarmlarmmaand few subrounded o subangular coarse gravel, no pebbles; few kaofin
s T ™ 32"
L. th moazo’&a:ékymmnombs%m pda.‘(g%?mﬁ% ; moist; apedel ey struciure;
3" 1 mmwbmgm : some subroundsd 1o pebbies incraasing %
Refusal at 32°,
3g" 4
4211 N
45" 1
48" |




Advanced Geologic Exploration, Inc. Soil Description Log

Scientists of the Earth™ Hot Springs Creek Valley,
P.0. Box 18012 = Reno » Navada » B9521-8012 " 5
Tol. (775) 8520992  Fax: (775) 852-3226 Lassen Volcanic National Park
BORING NO. MC-7 TOTAL DEPTH: 34° DATE: 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 | Lithology | Horizon | Description
0.0" T [0 0: Depth 0-2.0; PALEOSOL P1 (RELIC): Dark Brown (7.5 Peat Sandy Loam (SSC_10%20% 0% st
0 — ﬁ developed structure; loose, mmsl' abmdan) rrﬂ ebundani crganic matter,
........... om someswmmdedbm.banﬂ wbmuﬂedb mguhwoamgmd no pebbles.
3n o P v ACh _l G‘a meI-II‘IdaIY slmmow Mphlﬂ
ACh: Depth. 2.0-35%, Btmn(TSYR.dﬂ)SIIthn(SSC SWBOW‘IS%)Mapedadwdoped structure; loose: non-
, hon-plastic, fi iuvation dacormp
74 2Aahh-—| m'n smmmwm@%“m no mgm aﬁghlummﬂar oston,
i ' 2Aehb: Deptix 3 550", PALEOSOL P2 5YR icrich SSC. 10%40%50%), |
'mm iccpedsmuboeu U mlglr mqr::,b mn#hrparmh'sﬁgm
) 281 ahbl ihwation gr:lv:mn mw@m u::wmaliar to subanguler
T -za.nb th: 6.0-10.0°; PALEOSOL P3: VﬂrydarkbmwnﬁﬂYR 2/2), Organic-rich cuy (ssc 1omoms) slghw
dtei‘llkwial m mgrm akbundan mbbﬁrwagsmmﬁn ﬂlgwphs trsnmalronmde
12" —L 2B2ahE . nnl!ﬁ‘ngw . er moggdm?&msmmddhmbaﬁ'mmmm iewstbmundedm
............ subang mamagrav no pebbles. Sharp
282shh: mu-m' shckasm.zsm Organic-rich Gravelly Clay, (SSC. 30%/10%/%50%); moist, moderately
- - abundant fine roots; some | abundant
15" 4+ PARNGS mﬁm&ﬂﬁmtmmmmme mmwmmthm
undizad root casts, common abmundedbmmarmm mmmabmmdadbuban%mmm no
pebbles; comman mica minerals. Sharp lower boundary. Sand len swiﬂ'lpadogemcovarpnnt.Sand w? Small oe:mel?
il ".
1o 4 e e ey
318ihb - | ebundant Iluvlal organic matier; abundant linn dqnh mrﬂed appesrancs; low
g Irhwlmnox:dasmins m\g‘fewoﬂiz nded o ular coarse
o9 L mnd no greved; no pebbles; some mica minerals. Gmdmllowerbu.a'lduy Pon wabrdqmtl(?)onﬂood
I L qul165-220 DarkBruwn 10YR, 3/3); Silt Loam, (SSC: 15%/60%/25 rmn!;makbydﬂdqml
" el Mbg‘ﬁmwm mdeymgdecrugﬂ mmh abrumded ﬂ“mxw
24" — B e B e s Sy o e
- 22.0-26.0
. .:E'I:;n[:qmakm bPAI.EOSOL P4 Bmwn{? SYR, 42); Loam, (SSC mﬁ‘g@ amm:ﬁomhw
27" =+ e mattar; low porosily; fawrmnmdde wllhdqﬂh some oxida root casts, mmnmal.bmgg:d
a4 €1 77| ®osubanguiar coarss sand; fwahrmmdadtowbanguhrmmmel no pebbles. Gradual lower boundery
e C1: Depth: 26.0-20.0°, Bmwn 5YR, 473}, Gravelly Loamy Sand, (SSC: 80%/10%/10% dev siructure;
30"+ & 2 * Dszky non-plastic; gnsmals lr}aoala m%;aéw,Mmemawmmn
T Eratns umwmm sbiouriad © siberguler coeese (javel; low s:brmanied b subargler patibles, Gracke
Lu,u u w0 dC2 —1 i ;
st PTESY O D L V) Sty e o AT Nt oo e
L coarse sand; abundant subrounded to subangular coarse grav mubmwﬂedbubangula:mm pebbles. Refusal
TD 34" u|34'
36" e 8
39" 4
42" +
45" +
48“ -J




Advanced Geologic Exploration, Inc. | S0il Description Log
Sclentists of the Earth™ Hot Springs Creek Valley,

P.O. Box 18012 = Reno ¢ Naevada » 89521-801%2

Tel: {775) 852-0992 « Fax: (775) 852-3226 Lassen Volcanic National Park

BORING NO. MC-8

TOTAL DEPTH: 31" DATE: 9/5/02 TIME: _ Aftemoon

BORING LOCATION: Drakesbad Meadow, north side of ELEVATION: 5575

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

TEPHRA/KAOLIN: No DEPTH: w/a_ QUALITY: n/a SPECIAL NOTATIONS: Penetrated to 40",

CHARCOAL: YES DEPTH: 1325+ QUALITY:good _sample slipped out of corer >31"
Depth | Lithology | Horizon | Description
0 0“ —
* r o T th: 0-3.0%; PALEOSOL M (RELIC) brtm‘l (10YR, 2112.:”! Siit Loam {SSC: 5%/75%/20%); very l'nolst;
huigh porosity, ironmdeshham rﬁ; stbangtﬂatgme! no pebbles. Gm%lmerbmry aal.smfaca
3" T mm soil {o alluvial fan
20ahb—3@ 20ahb: Depth: 3.0-6.0% PALEDSOLPZ Black (10YR, 2/1} M PutSIIlLM SSC: 20%B5%/15%
dwdop?d’pm:ra nﬂ ;(;Iaa‘&mzy ur.ky lar;'a(roots'mde o )verymomdal
brmmmknmﬂadhxw - tracs iron
6" -+ o subangular coarss sand; no gravel; no pebbles. Gadwbuubunhfy OC:HC-8, 36"-17.24%.
301ahb ~le 301ahb: Depth: 5.0-8.57; PALEOSOL P3: Black (7. 5YR, 2/2), M Loam ({SSC: 25%/50%/25%); sl olst, apedal
. & ‘mm.% looss; d#% ;h?y w%hghtlyglasm; mr!yﬁ':drzots gfislargemo d:urganmw":mg‘maﬁgmn%ﬂar
T ""’“'ﬁ“c.é‘&"‘"u e '
30 th: 8.5-13.57; Black (10YR, 2/1), M Loam (SSC: 35%/50%/15%); apedal developed structure
e SRy bnghmbckr slightz plashtr(mmvs' ﬁm)mngd‘nyuny hréf roots; abundant Il!u)vﬁgh orgyanmlg'tf;aﬂar abundant damr:posed
12" i et e o et S oAt 1 ibanpes v, 10
0OC: MC-8 85—135 ?_07'%8 . R 1 4 ndery
= 19 303ahb: 13.5-20° Bhdl 5YR, 2/11), Mucky Loam, 35%/45%20%); weakl
15 303ahb-|— m Ek'wtl:::‘oat:ul?;rped's wgakly;?shc' ebur%ﬁne roots; mm;%mngn at 19-20% abundant
qeapr:nslty smnema::‘emgu 11:vtsu:mngularsamsiaw mguhrbu.bangdmgraval nopebbles few mica.
18" L Gradual lower hound ary.
" 0-220' P4 Bladt 5Y, 25/1); M Loam, (S
b, e B 4o1ahb-r'fmd,,ﬂ,;§p,d” e, ook Ao wwmm%s"gab et xﬁsmwmmﬂ
mmmﬂmmm mﬂg&fha&lmkwd mpdﬁss ow il (s ks, Grmnel o
24" L
19 402ehb: Depth: 22.0-29.0°; Black (5Y, 2.5/ ic-rich Slity Clay Loam, (SSC: 5%/%80%/30%); mol davelopad
402ehb | mmmbbdqped!l mh&tyow?wngmldx' 3/ ull-gnlmr:r(ooh sanela:gem:!b wiﬁm“:rai?ymalorganic
- e Sl i et o e o el Oy e
, abunda ‘
'::’.‘,2?1“& e undent charcoal egemen umghomlayer Gradual lower boundary. Organio soil horizon to foodplain
A ACATATAl
o A NN @ 4BC1ih: Depth 29.0-31.0": PALEOSOL Pé: ish brown (10YR, 3/2): Organic.ich Gravelly Clay Loam (SSC:
30 i !\!\N‘N\ 48Ctih—r Ww }; moist sﬁ“ mmsnmu. rqol pdsg.“gmm? m%m‘m
TD 31" wgrnonammﬂd subangular gravel; no pebbles. Nonracoverable sample below: 31% peneualedbw'mdmmsoﬂ
1 e of
36" —
39" +
------------ Penetrated to 40"
42" =
45" -
48"




Advanced Geologic Exploration, Inc. Soil Description Log

Scilentists of the Earth™ Hot Springs Creek Va“ey’
P.0. Box 18012 » Reno » Nevada ¢ 89521-8012 - -
Tel: (775) 852-09082 » Fax: {775) 652-3226 Lassen Volcanic National Park
BORING NO. MC-9 TOTAL DEPTH: 25" DATE: 9/5/02 TIME: Afternoon
BORING LOCATION: Drakesbad Meadow, south of ELEVATION: 5570
Drakesbad Lodge. WEATHER: _clear, hot
TEPHRA/KAOLIN: No DEPTH: nfa QUALITY: n/a SPECIAL NOTATIONS: Refusal at 25"
CHARCOAL: No DEPTH: n/a QUALITY: n/a
Depth | Lithology | Horizon | Description
0 0" )
e 0 Dmhhr;ﬁ [PAL'E%&:;N [RELInCa)n EE\%%&?" ¥R,3: Polt SIndy m(ﬁcwﬁgnﬁw% gagm
g =+ mehmanw;ﬁn&mn deposit. )
- AC: Dmth 15507 DalkbruvmgnYR 3{2) SM@@&MWW%} ; dry; ﬁhl m w;bgﬁm
|u|‘p|m stbmg Coafsa
& mxmg‘gmmmgm no pebbles. Shmp
) l?ACb m&105‘ PAI.EOSOL Tgr 4&{ gwg%|%%w1o§ :&ymw;w m
g" 4 Sl'mpkm!rboundmym foul subangular grave! throughout horizon; debIes parficies
@ 3A1b; Depth: 105-13"; PALEOSOL P3: Derk brown (10 YR, ¥3), Sandy Loam (SSC: 55%/45%5%); diy; apedal developed
n —t ﬁm h
12 e e ok s o o
o 3720 3-16.5"; Davk brown (7.5 YR, 472), it Loam (S5C: wmwmmywmmm granular
15" + ﬁa m-ﬂjm rounded to subangular
sand; h'acammdedbs ar mm@mﬂ’m&u Gradua] oﬁurwebmndary - ool
w _| th: 16 , 5 58C:
L e L e o e
coarse sand; trace rounded to subanguler gravel, no les; trace kaolin parficles. Sharp lower boundary.
21" +
® 4ACh: Depth: 21-25"; PALEOSOL P4: Brown (10 YR, 5/3), Grawelly Siit SC‘MO 10%); diry
modera
gy —| S by et bl ot s oy Gy ok s b sl
24" — grave!; trace pebbles; some kaofin parfices. Refusa! at 25°. Emdedbmmmamodmwymmsulm
TD 25;'7 7
27" e
30" 1+
33" -
36“ b
3 ] ol
4o~}
45" 1+
48“




Advanced Geologic Exploration, Inc.

Scientists of the Earth™

PO, Box 18012 = Aeno » Nevada ® 89521-8012
Tel- (775) 852-0892 « Fax (775) 852-3226

BORING NO. MC-10 TOTAL DEPTH: 12.5"

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

DATE: 9/10/02 TIME: Moming

BORING LOCATION: Drakesbad Meadow, N lower

ELEVATION: 5565

meadow, between bungalows 3/4 and 5/6 on upper slope.

WEATHER: clear, hot

TEPHRA/KAOLIN: No  DEPTH: n/a _QUALITY: n/a SPECIAL NOTATIONS: Dry surface
CHARCOAL: No DEPTH: n/a" QUALITY:n/a conditions; refusal at 12.5; two cores.
Depth | Lithology | Horizon | Description
0.0" — 5 r{® O Dot -2 PALEOSOL Pt RELIC) Veny Dck Brown SV, 751, Pa S Low (SSC: 5KT7SW10%; mokt.
mmedbmguhrmw\d no pebbles. Enaguhrluermmy Sulacaocwicmahanm alluvial fa
3u g
- AC: Depth: 2075' 10YR, 4/1) Silt Loam (SSC: 15%/B0%25%) formed granular
Hac —r'm""’ m rmnyﬁn)emoh mi sersgon 4t b S Al g o]
& -+ nopeweslnag\darbmr undary. Basal soil horizon to u-aa!
2Ab ——1® 2Ab: Depth: 75-100" PALEOSOL P2 Derk Gray (7.5YR, 4I1ﬁ’s'fltLoam (SSC: 10%T515%) lghty moit weakly
9" umwm’ gradus] lower boundary, L st i
" Dak Gray (10VR, 4/1), Sandy Loam ( (ssc sneuauwm%),snghuy molst weakly dovekoped
12" —+ formed granular peds, shgh i st s oderisporosly.
[ wd,mpebbwbmalhmmm mamsand
15" - 0 2AC25: Depi: 11.5-1257 Dark Gray (7 SYR, /1), Gravely Sancy Loam (SSC: 030%10%)sighty moist weekl
o high porosi MMMEMM ms:n;mm li}im;angﬂarmm?
gravel; no . Refusal at 12.5°.
18” -t
21" +
24" —
27“ -t
30" 1
33" —t
36" —t
39" 4
42" 4
45" +
48"




Advanced Geologic Exploration, Inc.
Sclentists of the Earth™

P.O. Box 18012 » Reno * Nevada » 89521-8012
Tal. (775) 852-0992 = Fax: (775) 852-3226

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

BORING NO. MC-11 TOTAL DEPTH: 27" DATE: 9/10/02 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: nfa" QUALITY:n/a

Depth | Lithology | Horizon | Description
0.0" —
0 —r100: Dmth 0-1.5% PALEOSOW) Datkgrg(?SYRﬂ).MSﬂtLum(ssc 30%B0%/10%), dlyiq:ehg
I Aoh | poont e s ; o o b s
o o - 20ehE radual lower boundary. Surface organichonzenloﬂnodphln dapmt
mmmm e e na e 2ACIhD AC: Deplh 15-3.0°; Dark (10YR. 41) Slndvlggl rgnsgt': sowmm%) slnghlly mmt:thldevelopedstruwm
e+ 30Ae mlbangularmmewid mgmel nopdab race mica, Ireguiar lower undury
20ehb: Depth: 3.0-4.0°; PALEOSOL P2: Very dark 1}, Organicrich Siit Loam 30%/B0%/10%;
. wh mﬁnmmﬁ“m;p;ﬂfs%mku Bmmmficﬂgh@m;ﬂmﬁmﬂ%t
T IABIhb o (et ey By, PORORSY; ¥e
2ACehb: Depth; 4.0-5.0"; Dark 5YR, 41 SHIL SSC:"O‘WEO 10%), sl mois eakq:eﬂld
i structure; Dn(;qn’-sbdty Inshtrmu(n?damﬁu : w"( mwnf lohﬂv s Mmd
12 i Rl s o dwatmouﬁon nmi'em high porosity; cnmrmnmbmmded anga.larmamnnd mgfa\ral no magular
vl vl wum : Depth: 50657 PALEOSOL P3: Vory ark gryih brown 10YR, 32}, Organic ich S Loam (SSG 2070%/10%)
wL freow v e v o Clvh— momfydm subangularb non-sticky: sl common fins foots; common |
9 (o Te et et -Euv g wﬂw "%%;;mﬁ v mm%mmﬁﬁ
gl e e A ooarsesand nognml mpahbias tmcemica Grachual lower boundary,
" SN N 3ABihb: 6.5-12.0°; Dark grayish brown (10YR, 412 Silt (SSC: 5%00%/5% moist; modemately developed
18" = R De&mky qrav ( k f‘m , decreasi o ﬂﬂqﬂh mlarguw?ools moderate
b e v v o Mmmﬂu g with d uMabnpiyshppimal 12" modemlnommlc r decomposition; medium
LYo .".,:.. fo low porosity; trece ta subangular coarse sand; no gravel, nopabbles trace mica. Sharp lower boundery.
21" o [vvv‘v‘ v‘v -
A —& Civh; Depth: 12, D-!BO' {10YR, &/ ra andlor Kaolin-tich Sitt Loam (SSC: 15%60%/25% molg
v Gy — G?m p)aat?h fine ools; race large rooks mt(we iHluvial :?amc A Mﬂuuut?
24" :-: :..:.: :v: with depth; lowpomsity smml?owﬁs tracamlli:r:;h stains; malbrour?gdh angular coarse sand, few
e B - subrounded t subangular gravel; les; comman perticles; common tephra (7), no apparent stralification. Gradual
:.:..:.-:..." Y] lower boundary. Uppmmmdmwlq;h ra deposit.
P L_{@ C2v: Depth: 18.0-27.0"; Light gray (10YR, 7/1); Tephra andior Kaolin-rich Siit Loam (SSC: 30%50%/10%); s
27" 4 e A Sl s Dmekpedswmlig I ; .phmgh hwefl\emolsmlasgem Iowpoms )mmsmﬁl
paucomnmmaﬂlmnundeshmsandmalﬂes( lsaching of ion ﬂmmssubroundod ular coarse
TD 27" sand; some subrounded largravel mbrotmdadb at basa; common keolin pa , Common
q:m,nomparmtshtﬁm boundary. Lower member ko re-worked tphra deposit. Refusal at 27",
30" ——
33" g
36' ot
39" 4
42" +
45" 1
48" |




BORING NO.

Advanced Geologic Exploration, Inc.

Sclentists of the Earth™

PO. Box 18012 = Rena » Nevada » 89521-8012
Tel: (775) 852-0992 = Fax. (775) 852-3226

Soil Description Log
Hot Springs Creek Valley,

MC-12

TOTAL DEPTH: 42° DATE: 9/10/02

Lassen Volcanic National Park
TIME: Afternoon

BORING LOCATION: Drakesbad Meadow, northwest

ELEVATION: 5580'

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

WEATHER: clear, hot

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

SPECIAL NOTATIONS: Penetrated to 48",

CHARCOAL: YES DEPTH:'35%2 QUALITY:good _unrecoverable >42"
Depth | Lithology | Horizon | Description
0.0" — :
‘ o O 0-3.5% PALEOSOLH Black 251 ulSilﬂ.otm SSC: 20%”0%!18% saturated;
0 —1 Deplht {RELIC): mﬁ‘!ﬂ. z,m { W ) m%
porosity; trace ubmhmw no gravel; mpebbhs :g surface organc
g+ soil horizon 1o floodplain deposit
0O2ih ——# 02lh: Depth; 35-55" MRMHH'le(SYR ZHZ)MSMLM(SSC 10%/80%/10%); saturated; spedal developed
structure, week, , non-plastic; many fine roots; abundant large roots, ammumlmgamcmaﬂu" slight organic
P SO ahis rmltwdacompodﬁon high porosily; mgravel no pebbles. Gradual lowsr boundary,
L'i!01allh th: 5.5-7.0°, PALEOSOL P2; Black {10YR, 2!1}. Peat SilthunLSC 205970‘)910%) saturated; apedal
deveiopad re; looss; mn-sﬁdxy. tic, many fine roots; rge roots; some illuvial organic matter
g" 4 202ahb abundant organic matter porosily; no gravel; nupebblas Gradual lower boundary
202ahb: Depth: 7.0-11.0"; thk .5YR.25I1 Mucky Peat Loam (SSC: 40%/50%/10%); saturated; odal developed
Plggﬁu, non-s lml(a?c ; cgmdanl Iarge(mols soma iluvial or)gamc mmrapd:wmnl organic
w_1 ma pomsi no gome subrounded coarse sand, no no
12 tier decomposition; medhm 10 1?;“ ly imnstalns rio ded nd, o
Ias;mmm&agmn mﬂmml, indmmgmumlaﬂoodevmls rragularkmar
301ahb-l. !
i 49 3012hb: Depth: 11.0- 165‘ PALEOSOLP:! Black (2.5Y, 2 51); Rueky Loam, (SSC: 2510601015%) saturated; apedal
18" + :-ucua mkyplasﬁ:rmamfnem roots, increasing at bass; abundant duvial
mc maner moderula umnic matter mreaeingmh ; high' h madlmn porosily: few subangular to
mesand,nogmel no pebblas; trace mica, Sand forms thin layers within wmil,
18" v indicating multiple flood Sharp lower boundary. TOC: uc-1z 11-16 - 8. 9%
i szl 302 — 3 -
: 302h: Depth: 16 5-19.57, Derk Brown (10YR, Sandy Loam, (SSC: ?5‘)95%!20 saturated;
stuchurs, mmsyﬂ?’ ( mqm ui;e %} mﬁfﬂmbm
porcosity; sfight inon oxidation stains, axidation with heloes, mme ubmvdod sand, no
21" } gravet, no pebbles. Umnabomdodby thin coarse, well , Bngular to smdlayem with few roats. Two sand
303ahb mjection events into lateral spreading shear planes (?) Shamp fower boundary.
-Li 303ahb: Depth: 19.5-2507, BlackﬁDYR,ZSH), Mucky Loam, (SSC: 15%/60%/15%), moist, apedal developed structure;
W medium fim, sfightly s piashc melargembdm llluv nic matier, decreasing o motties
24" —- with depth, sbundant organic matier ition; high to medium porosity; no stains, mmﬁm
subrounded coarge sand, no gravel, no les; few mica. Gmdva!lawarbomchry TOC: MC-12, 18-25 - 5
AR @ 3BChb: Depth 25 0-31.0°; DarkGraynsh Brown (10YR, 42); Tephra andlor kaofin-tich m, (SSC: 50%M15%/30%
7o | PRSI o, T motst oserily ceseloped skuoha: ot sl.i:(angubrm) s sﬁghm%m&u e
BTN motted Hluvial organic matter near m.deuaasas 1"1 pumaty oxida steins; some angular io
EAR AR RARANAAY
a4 KRN
B AR AR LR LY
CHCIER A 1@ Civh: Depth: 31.0-33.0%, Grayish Brown (10YR, 5/2); Tephra and/or kaolin-rich Clay Loam, (SSC: 15%/60%/25%); molst;
v ] Civh ?m%mmmfgm M ) 'Ph traca fine roots (1%); son?mmém trace illuvial matier
33" + AN I (1%); low ;mk'onmfda mangularmmrd Gradual lower . Fine-
S T BLEY greinied epiva.
iy Cv2 L
E: o CvZ: tl 10" | Brown (10YR, 472 mich&ndy wmudayssc 50%/15%/30%),
36“ A 1 mnist w!w“ lram( W W M&G‘AV ( no pebbles; some
wi:1-5 d:armailragm 1 boundary. intetbedded ﬁmsmds days
39" + C—lsca Deplt: 31 0-370 7 Lgh 10YR, 4/3}; Sand, (SSC: 00%S%/5%); moist; epedal developed structure; loosa,
-etck? Gmym“%{ miméoroob porosity, traee)imno alamandoxuszedgm
gbundan mlgulnrcoamaantt no gravel, no pebbles; largs charcoal fragment. Gradual lower boundary.
42" +
TD 42"
45" ++
48" | ... _____| Penetrated to 48"




Advanced Geologic Exploration, Inc.
Scientists of the Earth™

P.O. Box 18032 » Reno » Nevada = B3521-8012
Tel (775) 852-0992 » Fax: (775) 852-3226

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

BORING NO.

MC-13

TOTAL DEPTH: 37"

DATE: 9/10/02 TIME: Afternoon

BORING LOCATION: Drakesbad Meadow, northwest

ELEVATION: 5580

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

WEATHER: clear, hot

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

CHARCOAL: YES

DEPTH: 11-18" QUALITY:good

SPECIAL NOTATIONS: Dry surface

conditions; unrecoverable >37"

Depth | Lithology | Horizon | Description
0 OII _r
’ ri® O Dept. 045" PALEOSOL P1 Derk reddish brown (5YR, 32), Peat Silt Loam (SSC: 20%B5%/15%);
O alopad nm-smj sll tiy plastic; d:undan(?vﬁne rou}u,mehrge rug\s genefally oeupw)ng a
boundary, d:undanl mcmatbr porosaty frace o some iron oudde st ncenngmar subangular coarse
3+ no gravel; no pebbles; frace mica. Gradust lower boundary Deg-adedpul,smfaoaorganbsoihorlznnmnﬂwnlfan
" e 0zeh. Depth: 4 5-5.07, Very dark gray (7 5YR, 311) Mucky SHt Loam (SSC: 25%B0%/15%); sfightly moist; apedal developed
6" T structure; wesk; m l'lne some large rools; some Buvial matter: modesate
e L e S
no no mica.
g" TUC M'FIJ 4511 -9 §5%. b P "
@ 20ahb: Depth: 9 0-11.0°, PALEOSOL P2 Black (7.5YR, 2.5/), Mucky Loam {SSC: 35%/45%/20%);
20ahb 1 %ﬂn loose; slighﬂysbdty sﬁghlly—piashrr many fmemL so?ngteﬁmots mostly &l Ihelau!'er mﬁm
oiganic ma pormsily; some
12" —+ sand, nacaangulartosww gnml nopebbles Iracem!m Gradmlme!bmndmy T
19 20Aahb: - 11.0-18.0°, Vsydatkhmn(mYRzm Guwllyl.mm(ssc 35%0‘19‘15%) moist; weakly
15" 4 20Aahb‘r ; medium, grantler o smanganr dmm fine roots, abmdmmqu
bundarrmlamemoh sbundant fluvial organic matiar, with dep d:muh\tomamcmm
mcﬁunblmpommty‘mmmbrbabmuﬂsdmm qular to subrounded angu
to subrounded pebbles, trace mica, some charcoel fragments. Gradual bwarbosﬂaly TOC: MC-13, 11. 8 0" - 4.42%.
18" -

@ 20A26hb; Depth; 18.0-22.0%, Very dark gray (7. 5YR, 3/1}; Organic-rich Gmdlyclayi.oun SGC: 35%/25%/40%), molst;
modemialydevebped ugray blod&ypeda sticky; plastic; many fine roots; Jawlargerouta mma)lllwnl
organic matter, decreasing wi dq:lh moduahuuanmnnmrdmmmhn low porosity; common angular ko subrounded

L ) coarse sand, cunmonmgdamuhmundadgravel few anguler to rounded pebbles; trace mica, some charcoel fragments.
ot ot g Gmdtﬂbwa'bmmdary
AANS RN
22! ~ 3ACihb: Depth: 22.0-25.0%, PAI.EOSOL P3: Very dark (10YR, 32); Tephra-rich City Loam, (SSC: 50%/15%/35%);
LAAARRAAARAY i | mtmmly m&, ; sticky; m mﬁmm traca roots:
24" — NN 3ACih slight Buvia) organic mﬁ dmt urgmicmaihr mﬂmpﬁw 1o i7on stains; some & bab%
et - mmwvd.lmmangdarb gravel, no pebbles. Gradual lower boundary, Re-worked with soil overprint,
I G Civh: Depth: 25.0-31.0 h brown (10YR, 512), Tephra andlor Kaolin-rich sediments, (SSC: 60%/15%/25%);
27 Lv,v,v,«_v,« I rapedaldev edstmduemgm ellg y(s non-plas'z.; trace fina roots, Imcalargaroots Hluvial n’atter
velv'ye 'y Clvh uaca:m ang.ﬁurcoalsesam no gravel; no pebbies; Abundant lephra and/or kaokn-rich
T maw Gradml lower boundary. fephm
30!1 - v'v'v'v'v'u‘
LA I-O C2v. Depth; 31.0-37.07; Light brown (10YR, 6/2); Tephra andlor Kaolin-rich sediments m{ssc 60%/15%/25°
b v v v v v o "”‘Bt .h mmhmﬁm I
33" T e e Cav matter; Mmlmm@ h wmmmmn‘ph m glﬂ”d nﬂpdib'&?Abtlldﬂﬂl hmm%m"'
B 4 sich ma . SEM: MC-13, 31-37, glass shards confirmed, date (suspect): 0 .41-0.47 ma; Bulk
RIS XRF: MC- 12, 31-3? amlysls pending.
36" — Feo
TD 37"
3 W -
42" 4+ |= == m = - - Penetrated to 42"
45"
48"




Advanced Geologic Exploration, Inc. Soil Description Log

Scientists of the Earth™ Hot Springs Creek Valley,
P.O. Box 18012 » Reno * Nevada » 88521-8012 - .

QUBM 1ol (775) 852-0992 o Fax: (775) 852-3226 Lassen Volcanic National Park
BORING NO. MC-17 TOTAL DEPTH: 19" DATE: 9/24/02 TIME: Morning
BORING LOCATION: Drakesbad Meadow, SW middle ELEVATION: 5575
meadow, 20-30' W of row of trees. WEATHER: clear, hot

TEPHRA/KAOLIN: Yes DEPTH: >13" QUALITY: poor SPECIAL NOTATIONS: Refusalat 17",

CHARCOAL: Yes

DEPTH: 4-13" QUALITY:good Two cores obtained.

Depth | Lithology Description
0 0" —
’ 0L hbkkd 01 ~—1)o 01 Depih 0-20" PALEOSOL P1 RELIC), Viery Dark Brown (5YR, 251, Peat Silt Loam (SSC: 15%75%/10%); satwaled:
ot o b s ot .q)eglq: developed struchure; loose, sbghtly)sﬁ:kyw Eg vahss:c undu’!t fine roots a!:m(dant large roots; high) p':osw
no ifon oxide staing; some subrounded subrounded to suba ubangular gravel; no pabbles.
3+ Imegular lower boundary. Peat, surface urgamcsoil
02ihb: Depth: 2.0-4.0%, PALEOSOLPZ.M(EYR.ZM)MS&LM(SSC 30%!50%!10%):55!1%“"&@
non-glicky, -plastic, many fine roots; abundant
e mmmmm mbwmmﬂ.mm
‘{%gg%‘ ® 301ahb: Depth: 4.0-35"; PALEOSOL P3, Black (10YR, 2/1), Mucky Sity Loam (SSC: 20%!55%% moist: weakly
it
g" 1 ‘\\‘\ thvdmadoml:ﬁn granular dbhﬂy tsdm d;m roals, common )danlmuvnl omeanic
R matter; ﬂ:u'bdaniorg sl tion; medium ponmly' mnl:rnundedtn anguhrmsand gome
subrounded to subangular coarse grave!; no pebbles; fraca mica; some charcoal fragments. Gradual lower boundary.
w _1 302avhb: Depth: 9.5-13.0%; Dark Gray {10YR, 3/1), Mucky Sa SSC: 40%/20%/40% t; weakl
12 .dwel ptﬁch:re.fmegmnvl?lgr y[y pLa mnw%(wfﬂnml @ roots; ab )ms ug%mc
Bt el i m'wnm o s, Comal Rwﬁedmﬁ“t:ima
15" -4 fioodplain helgaficsnlloferpmt
L@ Cvhb: Depth; 13.0-19.07; DarkayUDYR. 4/1), Tephra andlor Kaolin-rich Gravelly Silt Loam (SSC 60%/10%/30%);
moist; M&Iasic:mﬁumora , decreasing with depth; few large roots; moderale
18" 4 %ﬁl mﬂm&%m@mm o&%m subrou tram ek nxmmm%?? pgggba large pabhle
at 14-15°, Refusal at 19°. Re-worked mhraonaﬂoor.blam vnﬁmrgalicwlwetpmt
21" -la
2 1] —
27" -
30" 1+
33" o o
36“ ——
39" 4+
42" 4
45" +
48“




Advanced Geologic Exploration, Inc. | So0il Description Log

Scientists of the Earth™ Hot Springs Creek Valley,
P.O. Box 18012 = Reno » Nevada » 89521-8012 W .

e Tal: (775) 852-0992  Fax: (775) 852-3226 l.assen Volcanic National Park
BORING NO. MC-18 TOTAL DEPTH: 20° DATE: 9/5/02 TIME: Afternoon
BORING LOCATION: Drakesbad Meadow, northwest ELEVATION: 5575
middle meadow, south of water tank, near trees. WEATHER: clear, hot
TEPHRA/KAOLIN: Yes DEPTH:'jiis~ QUALITY:good  SPECIAL NOTATIONS: Saturated surface
CHARCOAL: No DEPTH: QUALITY:n/a conditions; penetrated fo 32", unrecoverable >20"

Depth | Lithology | Horizon | Description
0.0° =y l—'o %nh 0-4.0. PALEDSOL P1 (RELI chrkbmun( m zrzgm sm.m.(ssc SHTSR2%), v
o mmr hiqgnpomsn!y, mimmmﬁ%d no bomthy Pumedaw organic ::l?honzon
3u =
O2ah: Depth: 40-8.0": OYR, 2/1) Mucky Siit Loam (SSC: 15%/65%/20% : epedal struche;
. _r.lnose Drﬁ'g-auy sight ples pbeL- l)nem(mrmgs 1?uoa Wmemm
6" + O2ah matter decomposition. medium bmmm no gravef, no pebbles,
mica minerals Gmmncmarbwmhry Toch Mcm e75-80T%
i th: 8.0-11.0% Black
gL J-ozow 11ﬁm :ﬁnALEugssz (25YR, 2.51), ludzlsmyLom(SSC' QOWTOMO%),W): moist;vaakly
20A1ah- | matter; abundant orgenic matter omhon o fon cdde st Iraesangulartnsmamuhrgmal nopd:bles ey
mica minerals. Gradual lower boundary
L — v W
12 e ] tVh — 1@ VB napm 11 0—130‘ Lighlgmy (1m 7&1.&; aﬁnnm;om-ﬂch Imsum(ssc 5%-555910%1 muistwaek!{gravdoped
%msm nogmvetmpehb Layeris byafmﬂin(-oz-nll'}dmrposedm('})hyem
15 30Aah
T | reyyre Depth: 13 Mso;rPALeosm. ﬁy Black 1OYR, 21). wsm (SSC: 5%@5310@“ Mo, woaky developed
“ o 2vh sbundant organic &ﬁrm Iow'p%mswmn:unonduém mh;gemrgo m pell‘)blas Trace 3:fmgmsms
18" A1 v Y VY vewy
o 2Vh: Depth: 16.0-18.0" Lightgray (10 YR, 711, Tephra andlor kaolinich Skt (SSC: 0%/BSS%). mois, woekly developed
o AACushey ﬁm med'rg iron oE::e s4ains; no ;‘:‘Wdﬂgg m wm?’fmn%y'?mw mo': demshggl hove orgamdg:#‘ter Re-
ol D 20" l mf&mmmmmmmmm
™
4ACvh: Depth 18.0-200° PAlEOSOL&MgmyUUYR,M).S&L«m(SSC omsms%) malst, spedsl (7 ;lg:ed
24" mmimgmmﬁnmgmwmpubbm Afew thin (~ 0204 Lliosz butsamla
S unvecoverable >20° Interbedded overbank dep meéupm& organlcaoillmzon
27" —f
30"+
------------ Penetrated to 32"
33" wdpin
36“ —
39" 4
42" 4
45" +
48“




Advanced Geologic Exploration, Inc. Soil Description Log

Scientists of the Earth™ Hot Springs Creek Valley,
P.0. Box 18012 » Reno = Nevada » 89521-8012 " -
Tel (775) 852-0992 o Fax. (775) B52-3226 Lassen Volcanic National Park
BORING NO. MC-18 TOTAL DEPTH: 30° DATE: 09/24/02 TIME: Afternoon
BORING LOCATION: Drakesbad Meadow, middie-west ELEVATION: 5575
meadow, West of MC-2, west of row of N-S trees. WEATHER: clear, hot
TEPHRA/KAOLIN: Yes DEPTH:21-28" QUALITY: poor SPECIAL NOTATIONS: Saturated surface
_CHARCOAL: Yes DEPTH: 14-21" QUALITY:good conditions; non-recoverable >30"
Depth Lithology | Horizen | Description
0-0“ T @ O: Depth: 0-5.0%, PALEOSOL P1 (RELIC): Black (5YR, 211)IMSI Loam (SSC: 25%/55%5%); saturated;
o _—[ BCS B b?mwhw;% nu'gwmmwmm%mﬁmm%%
3n - uwmcsulhnﬂzmballwnlfnn
o -om-ozms ALEOSOLPl dark m 5YR 5H1) M Loamy Sand (SSC: B0%/15%/5% ted;
6" + - _r ﬁ‘ﬂ 0-90% P Vuy 2, ) udty ""u&.ﬁmu 1 gluv?ﬂﬁ'm
&ummmﬁm‘m mmmm% TOC: MC-18, 59 10. 79% = "
9“ | N
® 301ahb Depth 90440 msosows mtzsvn 25:1) Muck Loam ($5C: 25%/4S/20%. moisr;apewd:m
301ahb-r M pomsu anrnu Wm%tgérmand traoeswnngumm
12" — coarse gravel; nio pebbles; trace Gmgral lower boundary mc MC-19,9-14 - 8.13%,
15" + ¥ 302ahb: Dq:lh 14.0-21.0°, Black {GLEY 1, 2.5/N), Orgmlc-rbh ESC 15%/T0%15%); wat;q;edddevdq)ed
J m""’""’m" Longacdec e gty My ATy 8 T ) M MV e O g &'?.;e
302ahb ua: %mal o pebbles; irace mica, race charcoal fragments. Imegular lower boundary.
18" 4 T uc-19 14-19- 559%
21" i i a .7'. V- [ ]
"e’a"s"s"n" Cvh: Depth: 21.0-28 0%, Dark {1.5YR, Uil.a;l'm; andlor Klolip!-rich Loam, (SSC: 509%/10%/40%); malst,
Yea"s"a"s" developed structure, moderatsly firm, subangul peds; very st waek?yphstic some fine roots; few large roo
MR e B e T g s o
% — RS partices. Gradual lower boundary. Reworked tephra or keoiin deposit
27" 4 fravaeaenees

iEmiaisiae OCIleHlZBMOO' Durkaathn(ZSYR.SlZ nHyLumSlndSSCMWﬁ%m
Ch "1 Geveloped stucture; sighty stcky; ma Eoe g O, ot b 1k 0 i e o, mpre

......

o M A A A A
TD 30" E !lﬂdﬁl'kaolinpamdes Rm'“‘“’*dm 0 gravel, mmmmﬂdbmmamm_w
33'. -
36" -+
39" L
42" 4
45" 1+
48"




Appendix 4

Geologic Research Project in the Warner Valley,
Phase !l - 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 Wamner Valley will include:

Phase | — Geologic Mapping
1) 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 1:24,000
and map will be ready for scanning or digitizing.

3) Perpendicular geologic cross sections.

4) Final report including methods, data and results.

Phase [1 — Soil and Tephra Sampling
1) 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 95927-3135 « (530) 898-9309 » Fax {530) 3429105

Tax 1D No. 680065902



Phase I — Geologic Mapping ($11,600 LPF)

1) Initial payment to start work (50%) $5800
2) Approval of draft maps by park (25%) $2900
3) Approval of final maps and final report

by park (25%) $2900
Phase II — Soil and Thephra Sampling ($10.900 LPF)
1) Initial payment to start work (50%) $5450
2) Approval of draft report and lab results

by park (25%) $2725
3) Approval of final report by park (25%) $2725

ours sincerely,

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.



Advanced Geologic Exploration, Inc.
Scientists of the Earth™

P.O. Box 18012 » Reno « Nevada » B9511-8012 » Tel: (775) B52-0992 = Fax: (775) 852-3226
e-mall: info@seismo-watch.com » Web Site: nttp://www.selsmo-watch.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 1. At the suggestion of Sara Koenig,
LVNP, 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

Ilook 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.

?7.YI

Charles P. Watson
President and Chief Geologist

enclosures.

¢.c Sara Koenig, LVNP

Rocks » Minerals  Metals » Earthquakes = Geothermal « Exploration » Eveluation = Assessment » Poilcy



Sediment and Tephra Sampling Project
Senior 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 had an extensive eruptive
history during the last half million years and consequently, bedrock deposits consist
mostly of lavas, ash flow tuffs, 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 geclogic 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
mare 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 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 geologist will direct and participate in the recovery of sail 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



Sediment and Tephra Sampling Project
Senior Geologist

detailed log of the stream bank deposit will be compared to the split-spoon sediment
core log. The sediment core will be boxed and stored for future analyses and a tephra
sample will be submitted for 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 suifaces; 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 {ephra 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: $8,900
Expenses $1,200
Tephra Analysis $2,000
Housing n/a

$12,100



Sediment and Tephra Sampling Project
Assistant Geologist

Park: Lassen Volcanic National Park
Location: Mineral, California

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 tuffs, and tufi 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 rales
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 gecothermal 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 sedimenis 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



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 8 weeks total. Time is split 1/2 field and 1/2 office/lab.

Qualifications: 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_Koenig@nps.gov

Funding Amount Needed:

Technical services: $3,000
Expenses $800
Housing n/a

$3,800



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 Summary.

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 LVNP 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 “... 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. In 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, | 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 peopie 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 8 a.m., the group moved down
the main footpath to the center of the meadow where infroductions 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
raughly 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 io 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:

o 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;

e 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
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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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guantitative 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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Supplement 1

Selected Photographs

Advanced Geologic Expleration, Inc.
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Photographs 1 and 2.

Photo 1. Soil Core MC-1.
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Photo 2. Soil Core MC-2.
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Photographs 3 and 4.

Photo 4. Soil Core MC-4.
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Photographs 5 and 6.

N/A

Photo 5. Soil Core MC-5.

Photo 6. Soil Core MC-6.

Advanced Geologic Exploration, Inc.

Sclentists of the Earth™

P.O. Box 2464 * Lake Aimanor @ Calilornia » 96137
Tel: {530) 596-3221 = Fax: (530) 596-3221




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

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

Photo 9. Soil Core MC-9.
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Photo 10. Soil Core MC-10.
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Photographs 11 and 12.

Photo 12. Soil Core MC-12.
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Photographs 13 and 14.

Photo 13. Soil Core MC-13.

Photo 14. Soil Core MC-14.
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Photographs 15 and 16.
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Photo 16. Soil Core MC-16.
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Photographs 17 and 18.

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

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 23. Boiling Springs Lake

Photo 24. Boiling Springs
Lake outfiow channel.

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

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

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 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 32. View looking
southeast at the middle of
Drakesbad Middle Meadow
from water tank road.

Date: Late July. 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.
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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 Drakesbad corral. Date: Early October.
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