
Task 5: MERCURY SOURCES, BIOACCUMULATION AND TROPHIC 
TRANSFER IN THE CACHE CREEK WATERSHED 
 
SUBTASK 5C1: Assessment of the Feasibility of Remediation of Mercury Mine 
Sources in the Cache Creek Watershed 
 
Primary research team: Ron Churchill, Department of Conservation-Division of Mines 
and Geology (DMG), in cooperation with Gail Newton, Department of Conservation-
Abandoned Mine Land Unit (AMLU), and Jim Rytuba, U.S. Geological Survey.  Project 
timing and duration: This project is a second year research project designed for 
completion within a six-month period.  Budget:  Funding consists of $60,888 for mine 
site research, field examinations, sampling, data analysis, and report writing.  An 
additional $9000 are available for analytical work, $3000 of which for total mercury 
analyses and $6000 for XAFS mercury speciation analyses. 
 
Summary of task objectives 
Identify, examine, and sample mining related features at historic mercury and gold mine 
sites within the Sulphur Creek mining district of the Cache Creek watershed which 
potentially contain elevated mercury levels.  Such features may consist of one or more of 
the following: calcined tailings, mine dumps, ore stockpiles, former mill locations, and 
excavations and associated waste rock.  Determine which of these features are likely to 
contribute significant quantities of mercury to the Cache Creek watershed.  Suggest 
remediation options and make preliminary cost estimates to eliminate or significantly 
reduce off-site mercury transport from such features. 
 
Summary of hypotheses and methods 
California rocks and soils normally contain a few tens to a few hundreds of ppb mercury.  
A variety of materials may be present at historic mercury mine sites, which have mercury 
contents that exceed these “normal” levels by orders of magnitude.  Mercury losses from 
furnaces during ore processing were typically about 10 to 25 percent of the original 
mercury present.  Consequently, mercury levels are often elevated, in respect to local 
background, in calcined tailings and soils near furnace and retort sites.  Unprocessed ore 
stockpiles and, in some cases, non-ore waste rock represent other features with potential 
for elevated mercury contents that may be present at mine sites.  In addition to these 
materials, rocks and soils near mine sites commonly have locally elevated background 
mercury contents due to the natural geologic processes that created the ore deposit.  
Depending upon their local setting, calcined tailings, soils at mill sites, ore stockpiles and 
waste piles, and naturally anomalous soils and rocks may be susceptible to erosion, 
chemical weathering and microbial processes that would allow mercury to be transported 
off-site and into fluvial systems.  All of these materials are known or likely to occur at the 
historic mercury mine sites within the Cache Creek watershed.  In addition to mercury 
mining, gold mining occurred at several sites along Sulphur Creek during the 19th and 
early 20th centuries.  It is likely that mercury was lost during gold ore processing 
activities at these sites.  
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For mercury and gold mine sites with materials having elevated mercury levels, it may be 
possible to develop mine remediation actions to significantly reduce or eliminate 
transport of these materials into Cache Creek tributaries.  This project and related work 
on mercury bioavailability by U.C. Davis (Subtasks 5A and 5B) should identify those 
mine site materials and mine features where remediation will most likely lead to a 
reduction of bioavailable mercury in those Cache Creek tributaries within the Sulphur 
Creek mining district..  
 
Discussion of progress to date/results 
The following activities have been completed: compilation of available mine site 
geologic and historical information;  AMLU reconnaissance examinations of all mercury 
and gold mine sites in the study area (except Abbott-Turkey Run); and submission of a 
limited number of mine dump and soil samples collected during the AMLU 
reconnaissance for total mercury determinations. 
 
Data from historical records and reports have allowed preliminary estimation of the 
quantities of calcined tailings that may be present at some of the mercury mine sites in 
the study area.  These estimates are shown in Table 1, and will be subject to confirmation 
or modification resulting from field work by DMG at each site. Preliminary calculations  
suggest the total amount of mercury contained within the calcined tailings of all mercury 
mines in the study area is between 210 and 640 tons.  The largest mercury production 
within the study area occurred at the Abbott-Turkey Run mine site and most of the 
calcined tailings are located there.  Previously published work suggests that mercury in 
these tailings is present as the mercury sulfides cinnabar and metacinnabar.  In these 
forms, mercury in the calcined tailings piles may not be readily bioavailable on-site 
unless special circumstances exist.  
 
Preliminary analyses of seven mine dump/tailings material and soil samples have been 
obtained and the results given in Table 2.  The dump/tailings samples were relatively 
elevated in mercury content, as expected.  Those samples exceeding 100-ppm mercury 
will be rerun to determine their actual mercury content.  The mercury levels in mine site 
soil samples are consistent with previous published research that identified natural halos 
of anomalous mercury levels in areas of mercury and gold mineralization in the Sulphur 
Creek mining district 
 
Reconnaissance work by AMLU has identified six furnace and retort sites at mine sites 
within the study area, exclusive of Abbott-Turkey Run mine site.  Historic records 
suggest 10 mercury furnaces and at least 12 retorts were located at all sites, including the 
Abbott-Turkey Run mine. Confirmation of the preliminary AMLU furnace and retort 
observations and attempts to locate additional furnace and retort sites will be made during 
detailed site examinations by DMG.  Identification of these sites is important because of 
the potential for elevated mercury levels in surrounding soils and the likelihood of 
calcined tailings at these sites.  
  
Lode-gold mining activity occurred at several mine sites in the study area during the 19th 
and early 20th centuries.  Historical records for gold mines along Sulphur Creek indicate 
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that much of the gold-ore processing was by pan amalgamation, a method with relatively 
high mercury loss rates.  Calculations using historical data suggest as much as 0.8 tons of 
mercury could have been lost immediately adjacent to Sulphur Creek from pan 
amalgamation of gold ore.  This mercury may have been in the form of either metallic 
mercury or amalgam when lost.  For  this reason, DMG will be sampling former gold 
mine sites in the Sulphur Creek district for mercury.  Furthermore, any mercury 
speciation analyses of samples from this area need to consider metallic mercury and 
amalgam as possibilities. 
 
Conclusions (preliminary, work in progress) 
The largest volume of calcined tailings in the study area are located on the Abbott-Turkey 
Run mine site.  Previous published work suggests the mercury in these tailings is present 
as cinnabar and metacinnabar.  At least some of the mercury and gold mine sites in the 
study area have soils and rocks with anomalous mercury levels due to natural geologic 
processes, not mining activity.  Some mercury furnace and retort sites mentioned in the 
historical literature are yet to be located and their location will be a priority during the 
upcoming site examinations by DMG. Up to 0.8 tons of mercury may have been lost 
within the Sulphur Creek mining district from gold processing activities in the 19th and 
early 20th centuries.  Metallic mercury and mercury amalgam may be present in tailings at 
sediments down stream from the gold mining sites. 
 
Anticipated Future Activities/Schedule 
DMG will conduct detailed field examinations of the project area mine sites during 
December 2000 and January 2001.  Mine site samples will be analyzed for total mercury 
during January and February, and the results are expected by mid to late February.  
Digital (GIS) mine maps will be prepared and site data (physical and chemical) will be 
analyzed during February and early March.  A draft final report for internal review is 
anticipated to be available in late March 2001 
 
Potential for future research/recommended changes in existing research program 
Mercury bioavailability and loading studies should consider the implications of the 
annual addition of black precipitates to Sulphur Creek from local thermal springs within 
or near the mine sites.  Previously published research has shown these precipitates to 
consist of pyrite, native sulfur, quartz, amorphous material, and as much as several 
hundred-ppm mercury.    
 
Question for Scientific Review Committee to consider 
Mine waste and tailings from mercury and gold mines typically contain elevated levels of 
numerous elements in addition to mercury, such as arsenic, antimony, and thallium.  
Would the presence of any of these or other elements at elevated levels affect mercury 
methylation in mine site materials such as calcined tailings? Would data on the presence 
of these or other elements contribute to understanding the methylation process for mine 
site materials? 
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Table 1.  Estimates of Calcined Tailings Based on 
Published Historical Information* 

 
Mine Name Estimate 

(tons) 
Potential Range 

Low (tons)       High (tons) 
Percentage 

of all tailings 
Abbott-Turkey 
Run 

375,000 300,000 450,000 96.3 

Wide Awake 10,500 6,800 14,000 2.70 
Manzanita 500 20,000 250 0.13 
Central and 
Empire 

300 300 700 0.08 

Elgin 250 100 400 0.06 
Rathburn** 3000   0.77 

Total 389,550 310,450 488,100  
*Preliminary estimates--subject to confirmation/revision during field work. 
**Less information is available for this site than the other sites. 
 
 
 
 

Table 2.  Preliminary Analyses of Selected AMLU Mine Site 
Reconnaissance Samples for Total Mercury 

 
Mercury (ppm) Description 

>100.00* Mercury mine dump 
>100.00* Mercury mine dump 

53.90 Soil from cut bank at mercury mill site (natural background) 
29.20 Soil (mud) near thermal spring (natural background) 
35.80 Soil at gold mill site (natural background?) 
26.90 Tailings at mercury mine site 
4.87 Mercury mine ore handling area 

*The upper limit for these preliminary analyses is 100 ppm.  These samples will be rerun to 
determine their actual mercury content. 
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