Data Trend Plotting for Source Correlation

When using data visualization techniques suggested in Rose (2003), Miller & Drever (1977) and others to determine the relationships between two
chemical or hydrologic parameters or elemental concentrations, important details--sources of elements, mixing of waters of chemically different waters
sources, system input complexity, hysteresis trends--become easier to see. To that end, hysteresis trends of the elements of interest have been plotted
against calcium on both seasonal and event-response scales in Figures 6 and 7. Seasonal data are plotted in monthly date groups that were determined
by subtle changes in slope for plotted seasonal calcium data, as seen in the top of Figure 4. The data were then sorted and data points for samples
collected in the afternoon between 12:00 and 5:00 pm were then plotted. The data tend to favor a mixing trend between two chemically different
sources, with markedly higher calcium concentrations in the summer and lower calcium concentrations during the winter, as limestone dissolution within
the source rock is the dominating geochemical driver until snowmelt dilutes the spring water in the winter and early spring. Other elements plotted
against calcium are also traceable as coming from the same source or from an alternate source depending on the overall slope trend of the data, with
elements either correlative (positive slope) or anti-correlative (negative slope), respectively.
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Photo 3. Sign near study site
outlining the area burned in |
the Dude Fire of 1990. The
fire burned over24,000 acres
and killed 6 firefighters.

Weather Data Collection

. . o - . _ Climatological and meteorological conditions for the Mogollon Rim area were collected from several different sources, including local
While studies have analyzed major ion composition in streams at different time residents via Weather Underground and the USDA National Resource Conservation Service. Weather trends were used to lend con-

scales (Parker et al, 2007; Miller & Drever, 1977) and nutrient loads in rural and text to the coIIected and measured geochemlcal data, as events do have a profound impact on water chemistry through dilution and
urban arid streams (Marti et al., 1997; Jones et al., 1996) over different time scales == 7 ARSI N S R AT D T concentration of species (Rose, 2003; Miller &

T _ )2 | Drever, 1977).
Iong.—term, seasonal trends of trace elements in perennial, minimally-managed, /#7 Elevatjon? Sk N 70 A L 2 e "' | Weather Data Site Descriptions
semi-arid streams. - - : Y b

Bonita - real-time temperature and water precipitation meas-
urements at Bonita Creek as provided by resident Dave Kelly.
The station is about 0.25 miles away from the autosampler.
This station does not accurately measure snow so precip-
itation amounts during the winter season are not depend-
able for either rain or snow data.

_ Baker Butte and Promontory - US Department of Agriculture

a7y Natural Resource Conservation Service weather observation

sites featuring daily temperature, rainfall and snow (meas-
ured in inches of snow-water equivalent or SWE) measure-
ments in a nationwide network. These are the two closest

Questions and Hypotheses:

Event-driven data from July 12 - 13, 2008 are shown in Figure 7. Event data plotted for calcium vs. magnesium resembles seasonal dynamics, but calcium
vs. strontium exhibits wildly different behavior and is at least partially anti-correlative (negative slope). Calcium vs. uranium is strongly correlative, but
data point trends are opposite between seasonal and event data, with uranium being depleted relative to calcium seasonally and enriched relative to
calcium after precipitation. Calcium vs. arsenic shows an interesting departure from mid summer to late fall, when calcium continues to increase while
arsenic concentrations start to fall. Calcium vs. arsenic after a precipitation event shows almost no correlation except during the rainfall event itself.
Calcium vs. chloride (and sodium, not pictured here) concentrations show a somewhat correlative trend seasonally but during and after rainfall chloride
concentrations remain unchanged. Calcium vs. potassium looks similar to calcium vs. chloride on a seasonal scale, but during and after rainfall trends
follow a figure-8 pattern. Calcium vs. total iron shows a loose interpretation of the two end member system seasonally but the two elements are some-
what anti-correlative, while rainfall seems to cause chaos to ensue. Calcium vs. neodymium (as well as some transition metals and most rare-earth
elements) show strong anti-correlative trends that are similar regardless of the time scale.

Photo 1. Community of Bonita Creek visible against a stormy Mogollon Rim. This photo
shows the extensive damage imparted by the Dude Fire in this area, which was formerly
a thriving ponderosa forest. View is to the northeast from the main fire control road.
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| Photo 4. Erosion coupled with

- high-wind events in winter of
2008-2009 have toppled a
number of live ponderosas like
this one in the Bonita Creek

Our goals for this project were two-fold:

1. Measure major and trace elements in a minimally anthropogenically-impacted
(i.e. rural and minimally diverted) stream in central Arizona to investigate
long-term and storm-driven chemical trends. These trends could then be extra-
polated over a broader scope to encompass other watersheds in the Mogollon Rim
region

2. Compare chemical trends in the style of Miller & Drever (1977) to determine what
roles the essentially bi-modal precipitation scheme has on stream chemistry overall.

Differences in chemical dynamics between these two timescales seem to indicate that while a two end-member mixing scenario can explain seasonal
changes in water chemistry, other factors seem to be impacting chemistry on precipitation-event scales. It is unclear what exactly is causing these fluct-
uations, but possible causes may be flushing of leaf and trunk surfaces by through-falling rain, dissolution of salts from soils, some heretofore unknown
anthropogenic activity upstream or some factor as yet unknown.

Figure 2. Close-up detail of regional map near the study site. The two USDA-NRCS sites are each 10.1 miles from the autosampler

Photo 2. View westward along the Mogollon Rim. All strata pictured here are of the Supai Group. The
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Figure 4. Measured concentrations of a few of the major and trace
elements measured for this project for the full study period. Purple data points represent major elements and are measured in mmol/kg, while aqua-
marine data points represent trace elements and are in pumol/kg. Data was plotted in this way to accomodate the 1000-fold concentration differences
between major and trace elements. Error bars are standard deviation of multiple sample measurements.

Figure 5. Elemental concentration changes as a function of time in relation to a documented
rainfall event (Bonita site data). Purple data points represent major elements and are measured
in mmol/kg, while aquamarine data points represent trace elements and are in umol/kg. Error
represents standard deviation of multiple measurements.






