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 Introduction:  The Basin and Range (B&R) physi-
ographic province is a vast continental extension zone 
covering much of the Western United States. Here, 
fault-controlled flow of deep groundwater results in 
internally-draining hydrographic sub-basins; the largest 
of which, encompassing ~100,000 km2, is the Death 
Valley Regional Flow System (DVRFS). DVRFS ge-
ology is complex; recording tectonic and sedimentary 
(marine and continental), metamorphic, and intrusive 
igneous histories from over 2 Ga. Significant events 
included: 1) formation of thick Paleozoic (~550 Ma) 
marine carbonates that underlie most of the DVRFS, 2) 
the extrusion of a broad Tertiary (23 – 2.6 Ma) volcan-
ic plateau in the central DVRFS, and 3) crustal exten-
sion, from ~17 Ma to present.  
 Today, the region is characterized alternating val-
leys and mountain blocks, bounded by parallel-trending 
faults, and some of the thinnest continental crust on the 
planet (e.g. ~17 – 25 km). DVRFS, mountain ranges 
can reach 3,600 m above sea level; whereas, Death 
Valley, at -86 m, is the lowest point in North America 
and hottest place on Earth. Owing to the region’s arid 
climate and exaggerated vertical relief, groundwater is 
thought to flow to thousands of meters’ depth and po-
tentially over hundreds of km: from montane recharge 
areas to distant large-discharge springs on the valley 
floors. This so-called “interbasin flow” has implica-
tions for the distribution and energetic control of deep 
life. Owing to societal demands for water and the po-
tential for radionuclide migration from  nearby DOE 
facilities, the deep hydrology of the DVRFS is argua-
bly the best understood anywhere in the world .   
 Results:  For this work, fluids from ~sixty-five 
DVRFS boreholes/wells and springs (0 – 1300 m) were 
analyzed for physical and chemical parameters and 
microbial community structure using molecular and 
cultivation-based approaches. In a detailed supportive 
analysis, next generation sequencing produced >1.3 
million reads of about 300 nucleotide in length from 19 
sites, and statistical tools were applied to ascertain en-
vironmental control over microbial community struc-
ture; with temperature and the presence or absence of 
dissolved oxygen exerting the greatest influence. The 
same environmental DNA extracts were also used in 
polymerase chain reactions (PCR) to amplify bacterial 
and archaeal 16S rRNA genes for the construction of 
clone libraries to generate 1,654 full-length and 886 
partial sequences. These overlapping datasets enabled 

a discrete cataloging of microbial groups in a loose 
transect of wells across the DVRFS. To the best of our 
knowledge, this is the first detailed survey of microbial 
diversity of a fractured rock flow system of this geo-
graphic extent.  
 Oxygen-containing groundwaters were the norm 
across the system, even to great depth (e.g. > 1,000 m), 
especially in the DVRFS recharge zone. Here microbi-
al populations were dominated by proteobacteria and 
Thaumarchaeaota. Conversely, a small subset of bore-
holes, sampling deeper, hotter, anoxic end members, 
were dominated by Nitrospirae, Firmicutes, and pre-
dicted methanogens (Eurychaeaota). Sequences from 
“microbial dark matter (MDM)” phyla (e.g. OP3) and 
relatives of Candidatus Desulforudis audaxviator were 
also common, in some locations comprising at least 
30% and 49% of the total prokaryotic community, re-
spectively. C. D. audaxviator is best known as an in-
habitant of the very deep subsurface able to subsist on 
H2 and SO4

2- produced via radiochemical reactions.  
 Batch and continuous culture techniques produced a 
collection of >40 mostly anaerobic thermophiles (25 - 
80oC) from multiple sites. Prominent described genera 
include: Methanobacterium, Thermincola, and Desul-
fotomaculum. Two novel isolates from an anoxic well 
into the regional carbonate aquifer, designated as DRI-
13 and DRI-14, have been extensively characterized. 
DRI-14 is a new order/family and  is most closely re-
lated (~91%) to C. D. audaxviator and represents its 
closest reported cultivated relative. The genomes of 
both have been sequenced, with DRI-13 being a 
fumarate fermenter and DRI-14 a putative chemolitho-
autotrophic methane oxidizer.  
 Future Directions:  Recently-commenced collabo-
rations include the NASA Astrobiology Institute’s Life 
Underground node and a US National Science Founda-
tion (NSF) Genealogy of Life (GoLife) project. One 
ongoing project for Life Underground is the downhole 
incubation of colonizable substrates at >800 depth 
within the regional aquifer; whereas, our GoLife pro-
ject is utilizing partial genomes, obtained through sin-
gle cell genomics, of MDM in a critical evaluation of 
the deep branch order of the tree of life. Most recently, 
the DVRFS has gained nororiety as a potential site for 
an inaugural deep-life-inspired drilling concept being 
considered, with Deep Carbon Observatory (DCO) 
support, by the International Continental Scientific 
Drilling Program (ICDP).   
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