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Death Valley Case Study


In this activity, you will use the photometer (photoresistor) you built to locate diffuse sources and point sources for dissolved minerals and human-made pollution within a watershed. The location is Death Valley, a National Park  and the lowest point of elevation in North America. Normally, a place 242 feet below sea level would be full of water, but it doesn’t rain very much there, and it’s really sunny most of the year (It’s the place with the highest recorded temperature in North America: 132℉), so most of the water that does accumulate in the bottom of the valley evaporates, leaving behind thick deposits of mineral salts; a perfect place for extremophile microorganisms to flourish.


Important features of the valley are the long alluvial fans that empty into the basins from the surrounding mountains. So much debris has eroded from the mountains, with so little rainwater eroding it away, that immense fans of rocky debris fill what ordinarily might be the valleys of small creeks leading into a freshwater lake. Think of these fans as kind of like river deltas, although they are sloped down at an angle of about 15 degrees. The crucial feature to understand is that the rare rain falling on the bare surrounding mountains fails to percolate into the ground, because there’s no vegetation on the mountainsides. So it races down valleys between the peaks in river-like torrents through narrow canyons. But when the torrent exits a canyon and spills onto an alluvial fan, it spreads out and pursues multiple courses to the valley floor, slowing down, frequently changing course, and depositing material eroded from the canyons.


Death Valley and its surrounding mountains were mined in the 1800’s for silver, gold, and borax . Silver is frequently found in association with copper and lead. Gold is frequently found in association with mercury and arsenic, so these left-behind toxic metals are often found in the tailings (runoff) from mines. Nitric acid or cynanide was frequently used to extract gold from surrounding elements (hence the term “acid test”). Most of the locations of these old mines is lost due to time and the habitual secrecy of miners.


Borax, an important industrial chemical, is a mixture of different types of sodium-boron salts, and was collected in Death Valley from the salt flats where dried lakes left evaporites behind. Its removal from the valley did not result in significant release of other minerals, toxic or non-toxic.


In the spring of 2005, Death Valley received 4 times its normal annual rainfall, resulting in a temporary shallow lake in Middle Basin. 2 years later, the lake had mostly disappeared. The water evaporated, leaving behind the more normal salt flats. The evaporites tend to hold on to the last of their water for a very long time. This is like salt in your salt shaker becoming clumpy on a humid day.


Your maps are from 2005, a time when Middle Basin unusually contained a small amount of liquid water in its shallow basin. The water is too alkaline to support most life.  A few small springs in the mountainside on the east side of the basin, while too salty to safely drink, support populations of brine flies and brine shrimp.


If you look at Death Valley using Google Earth, you may notice (at least, this was true in July 2009) that the most recent imagery is mosaiced from 2 different years, so parts of the basins appear white with salt (not table salt, but a mixture of alkali salts including borax), while other parts have a greenish watery appearance. The sharp linear demarcation reveals these aerial photos were taken at 2 different times: a dry period, and a temporary period of relatively abundant liquid water. If you use the timeline in Google Earth, you’ll see many changes in water level. These rapid changes from wet to nearly dry create additional challenges for extremophiles living in the basin. Except for flood times, usually lasting less than a day and occurring no more than once a year, the water in the basin is very shallow and undergoes very little mixing. Runoff from one alluvial fan shows little tendency to spread its dissolved materials over a wide area of the basin.


TASK:  Look over your paper maps for the Middle Basin. There are 2 levels of zoom, and each level is shown 2 ways, for clarity. Each map is gridded with a 10 x 10 grid. You’ll refer to a particular spot on a particular map as Map B, 5D, for example. 


Your job will be to analyze water samples from numerous sites and use the information you collect to map out levels of 2 different types of extremophiles in the water. Extremophile X is a microbe that thrives in brine with high concentrations of arsenic. You may expect that where X is found, arsenic is in the water, although if arsenic levels become too high, even X cannot survive.


Extremophile Y is a microbe which is adapted to high concentrations of the normal Middle Basin brine, but is killed off by arsenic. Y will thrive in nearly fresh water, but cannot survive in the very fresh water right at the mouth of a small spring that feeds Middle Basin. Y also cannot survive in some areas of Middle Basin that are very nearly dry.


Determining the concentrations of these extremophiles will help in the development of a water management plan for Death Valley National Park. Mapping concentrations should allow you to make inferences about sources of pollution from mine runoff, in addition to sources of fresh water.


Like real scientists working with budget and time constraints, you will not have unlimited ability to sample grid squares. You will need to: 

· carefully discuss your search strategy with your partners at every step of the way, so that you obtain data that means something. There is no way your data can be completely conclusive for the entire map area. 
· alter the course of your investigation when necessary in order to gather as complete a data set as possible.
· produce maps of the “Middle Basin” area of Death Valley that show your test results.
· make conclusions about geographical locations of mine runoff in the basin.
· merge your information with the information from other groups. 
· develop a comprehensive water management plan for this area, considering conservation concerns. 
· plan construction of a barrier or holding basin for concentrated sources of toxic runoff.
Obviously, like working scientists, you’ll have to base your final conclusions on limited data, and your conclusions may be quite different from the conclusions another group reaches.  
 

