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ARCO • Volcanic rocks the size of footballs slid and bounced down a steep lava slope. At
the top, a team of geologists, biologists and NASA engineers had just climbed the hill of
jagged rock known as the North Highway Flow.

The team is FINESSE, short for Field Investigations to Enable Solar System Science and
Exploration. Its goal at Craters of the Moon National Monument and Preserve: Conduct field
experiments and procedures that may be used by NASA, which plans to land astronauts on
Mars in the 2030s.

The team worked alongside another from Biologic Analog Science Associated with Lava
Terrains, BASALT. That program’s goal: Look at the habitability of terrains similar to Mars.

Both are headed by the NASA Ames Research Center and began a combined five-year project at Craters of the Moon in 2014.

The teams include scientists and engineers from NASA facilities throughout the country as well as educators from Idaho.

For the first two weeks of August, they worked together, combining a variety of projects into a holistic, analog study of Mars and other
planetary bodies.

At Craters of the Moon, they conducted experiments at the North Highway Flow, King’s Bowl lava field and other geologically significant
locations. They took rock samples and tested $1 million in equipment to better prepare for human and robotic explorations throughout our
solar system.

NASA views Craters of the Moon as an analog to the moon, Mars and other planetary bodies. The North Highway Flow’s silicon- and
titanium-rich lava rocks are the result of an eruptive period along the Great Rift 2,000 years ago. Its rocks represent some of the youngest
in all of Craters of the Moon.

Though much of the actual moon’s craters are the result of meteorite impact, the melted material there has flows similar to the park’s.

What the researchers can learn at Craters of the Moon may preview what’s on other planetary bodies.

• • •

At Craters of the Moon, molten rock, or magma, came up from deep in Earth’s lower crust or upper mantle, mixing with other rocks as it
rose. Today’s scientists find little chunks of lower crust that got into magma 15-25 kilometers deep before the magma reached the
surface.

There’s a range of surfaces from smooth to rough to really rough, said Scott Hughes, project leader and Idaho State University professor
emeritus.

Understanding the causes of this surface variety clues researchers into how the terrain on planetary bodies, particularly Mars, was
formed.

“Craters of the Moon lava is some of the roughest, if not the roughest in the planet,” Hughes said. “We have found that the variability from
one place to the next on any lava flow may be greater than we anticipated.”

At the North Highway Flow on Aug. 6, the researchers slowly dragged a 6-foot pole with an attached differential GPS, DGPS, to map the
flow’s topography. They formed another transect at a 90-degree angle.

To do so required passing the equipment from person to person in a straight line, and without tipping, across sharp, loose rocks. It
measured data points every 15 centimeters.

If the pole was even slightly tipped, the data points would measure extra distance that the researchers didn’t mean to record.

After those measurements, researchers take the text file that the DGPS creates and convert it in Microsoft Excel, where the file displays
as a graph. Dramatic spikes in the graph, like the ones produced from the North Highway Flow, reflect the shape of its terrain.

“We call it Mordor because it just looks so vicious to cross,” project co-lead Shannon Kobs-Nawotniak said. “And it is really vicious.”

The GPS survey team needed to compare its data with satellite images to see how the latter translates to actual ground results.

The day before, a team from the Kennedy Space Center flew an unmanned aerial vehicle (UAV) above the same area and took images
that suggested the terrain was passable.

That team, too, was comparing its data with satellite imagery — what is referred to as “ground truthing.” By ground truthing, the teams
know to what extent they can rely on satellites to accurately map the terrain of Mars and other planets.

“It’s going to help for potential manned missions to Mars,” Kobs-Nawotniak said. “It’s going to help put rovers on different planets.”
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Using the data taken from the DGPS and UAV helps NASA determine what data scales indicate a surface that a rover can land on
without being damaged. It also helps NASA understand what surfaces, based on data images, humans can travel across.

“The idea is we’re not going to have that level of inaccuracy,” said Jeff Karlin, a science teacher from Lewiston High School working with
FINESSE. “All of these instruments work together.”

• • •

Karlin was out at the North Highway Flow with the DGPS on Aug. 6. It was his fifth trip to Craters of the Moon and his second time with
the NASA teams. Like many of the researchers, Karlin floated around to different projects.

He also spent time collecting rock samples in the lava fields, learning how lava flows differ subtly in composition. To do so, Karlin and
other researchers used large hammers to knock off corners of the rocks.

They collected little chips to samples the size of baseballs. Each part broken off was documented, in addition to every piece that was
affected but not sampled. The teams tried to minimize damage to the national monument.

They used spectrometers to read the elemental composition of each sample.

“The sampling project is really important because we want to connect these textures — how the material of the rock influences these
textural changes,” Kobs-Nawotniak said. Changes tell the researchers how fast lava was flowing relative to its viscosity.

As lava gets farther from vents, it cools and breaks up as it flows. Different lava flows go through that transition at different times and
distances based on factors such as weather or the land’s slope.

Sampling at Craters of the Moon clues researchers on how some of the lava flows formed on Mars.

Some of the samples will be taken to Idaho State University to be cut into pieces that look like dominoes and viewed with high-powered
microscopes. Other samples will be ground down and used for X-ray fluorescence to determine the elements and chemicals present.

“The secondary rock samples we gathered were so we could do a new activity: thermoluminescence dating,” Karlin said. “If you take the
rocks and you’re looking at them with thermoluminescent images, you can date them.”

This process measures radiation doses in crystalline materials to determine time elapsed since the sample was heated by lava.

Karlin said it’s about tendencies. If certain changes in composition exist at Craters of the Moon, they should exist on other planets under
similar conditions.

• • •

The FINESSE and BASALT teams will continue at Craters of the Moon for three more summers.

In June 2016, the BASALT project will add a simulation of Martian conditions at the park. It aims to bring two active astronauts from the
Canadian Space Agency.

The CSA astronauts will also train with simulated time delays on communications systems. It’ll help space agencies figure out effective,
timely ways to communicate with large groups as humans are landed on Mars.

The goal is to train the astronauts on simple field geology — much as in 1969, when astronauts selected for the Apollo 14 mission visited
Craters of the Moon for training.

“The last thing we want is for them to get out (to Mars) and it’s just space tourism,” Kobs-Nawotniak said. “We want to train people to look
for what things are important — what tools do they need to be successful out there?”

converted by Web2PDFConvert.com

http://www.web2pdfconvert.com?ref=PDF
http://www.web2pdfconvert.com?ref=PDF


$1M Technology for Exploring Terrain
SEPTEMBER 06, 2015 2:00 AM  •  ERIC QUITUGUA EQUITUGUA@MAGICVALLEY.COM

ARCO • Roughly $1 million worth of equipment was used for this summer’s work at Craters
of the Moon — some for sampling rocks, some for topography. All of it helps NASA
understand what technology would be most efficient to use in future solar system
exploration.

A component of the FINESSE and BASALT projects was studying the geological makeup
of Craters, examining the minerals in each sample to understand chemical processes and
environmental conditions.

The equipment also helped researchers understand the formation of lava flows, giving
NASA a better understanding of similar volcanism throughout the solar system.

Another large part of the projects involved ground truthing: comparing collected samples with image data taken from satellites and
unmanned aerial vehicles. Samples and ground surveys showed the team what terrain on other planets or celestial bodies may be like
based on images taken of them.

Spectrometers
These handheld devices measure light reflected from rock and are able to read mineral signatures that aren’t visible to the naked eye.
They show the variations in composition of otherwise similar-looking rocks. Each of the spectrometers collects data on three spectra. The
visible, near-infrared spectrometer determines the state of iron in a rock and whether water is present.

X-Ray Diffraction Instrument — XRD/XRF
This device looks like a medium-sized, orange suitcase. It uses X-rays to determine what minerals are present in a sample. Mineral
identification is determined by the intensity of the X-rays fluoresced by certain elements from the sample. While the spectrometers allow
researchers to simply point and shoot at a sample, the XRD/XRF has a little, metallic compartment for crushed rock samples to be
scanned.

Unmanned Aerial Vehicles
NASA plans to take these into space to reach places rovers cannot. There is much to figure out. Can they fly autonomously, or will they be
operated by ground control on Earth? At Craters of the Moon, NASA is also figuring out the accuracy of UAV imaging capabilities. A UAV
team from the Kennedy Space Center joined the project to fly its drones over spots at the park’s lava flows. Can the UAVs accurately
depict and differentiate between smooth and rough terrain?

FC-236
The FC-236 helps correct GPS positioning. The rugged mobile field controller is attached to a 6-foot tripod. Researchers keep it at a
stationary, flat surface. Meanwhile, a team goes out into the field with GPS equipment that sets a transect, or path, along which the
researchers analyze terrain. To set a transect, the researchers formed a line and slowly, steadily dragged the equipment across the North
Highway Flow’s rugged terrain.

RIEGL VZ-400 LIDAR
This cylinder-like device rests on a tripod more than 6 feet tall. The device shoots a narrow infrared laser beam at a surface, taking a 3-D
image of topography. The members of the FINESSE and BASALT projects had the LIDAR for a limited time and quickly scanned the
terrain of Craters of the Moon’s different lava flows. LIDAR is useful in producing high-resolution maps of faraway planetary bodies. It is
also helpful in atmospheric studies, able to detect water droplets and ice particles.
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4 Space Researchers at Craters of the Moon
SEPTEMBER 06, 2015 2:00 AM  •  ERIC QUITUGUA EQUITUGUA@MAGICVALLEY.COM

ARCO • NASA’s diverse FINESSE and BASALT teams brought together educators,
graduate students and researchers from NASA centers such as the Kennedy Space
Center, the Goddard Space Flight Center and the Ames Research Center.

Meet four of them:

Deepak Dhingra
Dhingra is a postdoctoral fellow at the University of Idaho’s physics department. At Craters
of the Moon, Dhingra worked with FINESSE, contrasting satellite image data of the park
with what’s on the ground.

He’s done similar work with the Indian Space Research Organization as a member of the
Chandrayaan-1 mission, which put the country’s first lunar probe into orbit.

At ISRO, Dhingra worked on spectral calibration of the Chandrayaan probe’s Moon
Mineralogy Mapper. This instrument is an imaging spectrometer that gave ISRO high-

resolution spatial and spectral data of the moon’s surface, showing what minerals exist there.

“We acquired signatures of the lava rocks at Craters of the Moon in reflected light, similar to what instruments on Chandrayaan-1 did on
the moon,” Dhingra said.

With FINESSE, Dhingra worked with the Light Detection and Ranging (LIDAR) instrument at the base of the park’s North Crater. The
equipment has a GPS receiver in contact with another receiver on a nearby mountaintop, allowing the LIDAR team to measure the
surface’s ups and downs.

Doing so is important in helping NASA understand how easy it is to explore similar terrains on the moon and beyond, Dhingra said.

Jeff Karlin
Karlin, a science teacher at Lewiston High School, was selected by the Idaho Space Grant Consortium to embed with the NASA teams at
Craters of the Moon. Karlin came aboard to learn new science and study methods and the technology used for space exploration.

“My ultimate goal all the time is how can I turn this into meaningful and, at the least, informative lessons for my students.”

He pulverized rock samples and used spectrometers to analyze mineral composition. He was also with the FINESSE team at the North
Highway Flow, carrying the differential GPS across the surface of volcanic rocks.

“It’s absolute crazy terrain,” Karlin said. “We’re climbing, we’re digging and we’re getting cut. The line is straight and we have to maintain
through some unsettled strata.”

This year, he’ll have his students do a lichen study based on organisms he saw growing at Craters of the Moon. Karlin’s students will
examine lichen interactions with rocks.

“The summer is the time I build all my knowledge and do all of my studies,” he said. “It’s the starting blocks for my school year.”

Barrett Caldwell
Caldwell, a professor of industrial engineering at Purdue University, is the Human Factors lead for this NASA project. His focus is on
safety protocols and communication processes.

“This is a really dangerous place,” Caldwell said. “We want to make sure we’re doing science as safely as possible.”

The project has a rule: no one-person teams. Researchers don’t go off into the lava fields and flows alone. They give updates on a walkie-
talkie.

The teams don’t rush while collecting samples. It’s easy to get dehydrated or misstep on rocks, Caldwell said.

Caldwell also is helping NASA identify technology that will give researchers on different planetary surfaces the quickest way of processing
data and sending it back to ground control centers. Some instruments in the field give data in five seconds, while others take 15-20
minutes to take samples.

With a range of spectrometers, a LIDAR and an unmanned aerial vehicle, there is much to work with.

“The best we can do is have communication systems that are robust processes that allow us to recognize and incorporate those delays,”
Caldwell said.

Mike Miller
Miller is a communications and electric engineer from the Kennedy Space Center who joined the BASALT project. Like Caldwell, Miller’s
focus was on communication between team members.
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He was at Craters of the Moon brainstorming designs for informatic backpacks. These wearable sets of electronics will provide voice and
data communication and have GPS.

The designs will also provide a way to connect the science instruments, Miller said.

The backpacks will allow mission control centers to talk to intra-vehicular crew members — the people driving vehicles on different
planetary surfaces. Because the other researchers in future missions will be focused on samples and other physical aspects such as
climbing rocks, they won’t communicate much with mission control.

Mission control will need a single point of contact, Miller said.

“I needed to be (at Craters of the Moon) to see firsthand how (the researchers) do their sample collecting,” he said. “To see the terrain
they hike on. A big part is the design.”

Miller said the backpacks he is designing need to be agile and nimble while carrying at least 20 to 30 pounds. This is important when
crew members scramble up rugged terrain.

Next summer, Miller will join BASALT again at Craters of the Moon, where the team will test some of his designs. A crew will hike up the
lava flows while wearing the backpacks. They’ll be equipped with a camera and will sync up audio and collection data.

The communications system within the backpacks will be designed to have a five-minute delay between the crew and mission control,
which will stage itself at the park’s visitor center.

Being at Craters of the Moon this year helped him see the reality of the terrain which researchers likely will face on planets like Mars.
Miller expected height variations in the lava flows to be around three to four feet but found differences up to 15 feet, he said. That can
affect signal quality for research equipment.
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Craters of the Moon's 1969 Role in Space Exploration
SEPTEMBER 06, 2015 2:00 AM  •  ERIC QUITUGUA EQUITUGUA@MAGICVALLEY.COM

ARCO • NASA used Craters of the Moon long before the FINESSE and BASALT projects.

In 1969, a crew of former military pilots was chosen for the Apollo 14 mission. Eugene
Cernan, Joe Engle, Edgar Mitchell and Alan Shepard could navigate the skies but had no
background in geology. The mission’s objectives involved collecting volcanic rock samples
from the moon and conducting seismic studies, so the astronauts needed training.

On Aug. 22, 1969, the astronauts arrived at Craters of the Moon, where terrain is similar to
the moon’s — a perfect place to gain an understanding of the kinds of lunar samples they’d
need to collect.

Edgar Mitchell
“The moon has this peculiar eerie beauty like these flowers here ... that excites your imagination,” Mitchell said on his return to Craters of
the Moon in 1999.

Mitchell was the lunar module pilot for Apollo 14. He landed the module, Antares, on the Fra Mauro Highlands on the near side of the
moon. With Shepard, he collected nearly 100 pounds of lunar samples to bring back for study.

Mitchell logged 216 hours and 42 minutes in space in his lone spaceflight. With Shepard, he holds the distinction of the longest
extravehicular activity (EVA) for their work collecting samples on the moon. Their time on the surface: nine hours and 23 minutes.

Alan Shepard
Shepard, the 47-year-old commander of Apollo 14, became the fifth and oldest person to walk on the moon. During Apollo 14, he
famously hit two golf balls on the lunar surface.

Shepard had been one of the “Mercury 7,” the original group of astronauts selected for NASA’s Mercury program in 1959. The project
aimed to safely put an astronaut into orbit around Earth. Shepard accomplished that goal May 5, 1961, when he piloted the Freedom 7
mission, becoming the second person, and first American, to travel in space.

Freedom 7 and Apollo 14 were Shepard’s only spaceflights. After the Apollo mission, Shepard retired from NASA and the U.S. Navy and
became a businessman until his death in 1998 of leukemia.

Eugene Cernan
“If I could take all the vegetation out of Craters of the Moon, I think there would be a very similar feeling to the vastness of it ... just simply
the vastness and emptiness of it all,” Cernan said in 1999.

Going into Craters of the Moon, Cernan had already been part of a couple of NASA missions. He rendezvoused with an Augmented
Target Docking Adapter in orbit as the Gemini 9A pilot in 1966. He also piloted the lunar module for Apollo 10, a dress rehearsal for the
first moon landing.

Though Cernan was only a backup crew member for Apollo 14, his visit to Craters of the Moon prepared him for his role as commander of
Apollo 17, the mission that gave him the distinction of being the last person to walk on the moon.

Joe Engle
“We didn’t know what rocks were on the surface at that time, so Craters of the Moon was one of the really valuable places to come and
look at and study lava flows,” Engle said during his return to the park in 1999.

Of the four astronauts, only Engle never landed on the moon. He was chosen as the backup lunar module pilot for Apollo 14 and was set
to pilot Apollo 17. However, Engle was replaced by geologist Harrison Schmitt when NASA decided to send a scientist to the moon and
not just test pilots with geology training.

Engle tested approaches and landings for the Space Shuttle Enterprise in 1977 and commanded the STS-2 flight of the Space Shuttle
Columbia in 1981. The latter was notable for being the last time a NASA crew was composed entirely of rookies.

Engle had flown a NASA-Air Force X-15 above 80 kilometers in 1965. Combined with his Space Shuttle experience, he is the only
human to fly two types of winged vehicles in space.
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