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Dr. Sarah Valencia is a lunar petrologist 
with the University of Maryland College 
Park at NASA Goddard Spaceflight 
Center in Maryland. Her work focuses on 
the evolution of igneous systems on the 
Moon. In particular, she is interested in 
Moon rocks with unusual compositions. 
To accomplish her research goals, Dr. 
Valencia studies rocks from the Moon – 
both from the Apollo sample collection 
and lunar meteorites. One area of her 
research is trying to understand how 
granite forms on the Moon. Unlike Earth, 
the Moon lacks the water and plate 
tectonics typically associated with granite formation. Yet, small fragments 
of granite occur within the Apollo sample collection, and granitic bodies 
have been detected from spacecraft orbiting the Moon. Dr. Valencia studies 
fragments of lunar granite and rocks associated with granite to understand 
the chemistry of these rocks, how they are related, and how they might have 
formed.  Dr. Valencia also uses data gathered by Lunar Reconnaissance 
Orbiter (LRO), which has been in orbit around the Moon since 2009, to study 
the evolution of lunar rocks on the surface of the Moon. One region she is 
particularly interested in is the Apennine Bench Formation, near the Apollo 
15 landing site in Mare Imbrium. This geologic formation may represent the 
only exposure of KREEP basalt on the lunar surface. KREEP basalts have 
been found in the Apollo sample collection but have not been unequivocally 
identified on the lunar surface. Dr. Valencia uses the images taken by the 
cameras aboard LRO to study the surface properties of the Apennine Bench 
to understand its origin and evolution.

The Moon’s unique chemistry originates from its earliest history. At the 
beginning of formation, the Moon was largely molten, a stage called the 
“lunar magma ocean,” or LMO. As the LMO began to cool and crystallize, 
“compatible” elements (those elements that easily incorporate into common 
mineral structures) joined together to make the common rock-forming minerals 
seen on rocky planets. The mineral plagioclase floated to the top of the LMO 
to form the primary (or first formed) lunar crust. Meanwhile, denser minerals 
(i.e., olivine and pyroxene) sank to the bottom of the LMO. What remained until 
the very end of cooling of the LMO was KREEP, which is the one of the most 
distinguishing factors of lunar chemistry. The term KREEP stands for potassium 
(K), rare earth elements (REE), and phosphorus (P) and is used to represent a 
group of “incompatible” elements (those elements that do not easily incorporate 
into common mineral structures) that concentrated into the last dregs of the 
LMO to form a layer of dense cumulate rocks. After the LMO cooled, magmatic 
activity on the Moon yielded new rocks. During these magmatic processes 
some of the KREEP layer was re-melted and the incompatible elements were 
incorporated into other lunar rocks. KREEP has been found in Apollo samples 
and lunar meteorites, and can also be detected from orbit. One outstanding 

question lunar scientists 
are trying to answer is why 
KREEP is so prominent on the 
lunar near side compared to 
the far side. 

Founded at the height of the Apollo program in 1968, the Lunar and Planetary Institute (LPI) is an 
intellectual leader in lunar and planetary science. LPI’s mission is to advance understanding of the 
solar system by providing exceptional science, service, and inspiration to the world. The research 
carried out at LPI supports NASA’s efforts to explore the solar system.
www.lpi.usra.eduwww.iypt2019.org

The year 2019 marks the 150th anniversary of Dmitri Mendeleev’s development of the Periodic 
System and has been proclaimed the “International Year of the Periodic Table of Chemical 
Elements” (IYPT2019).

Data from the Lunar Prospector spacecraft revealed the 
concentration of the element thorium on the lunar near 
side (left). Thorium is used as a marker for locations of 
KREEP material as it is often found in minerals containing 
rare earth elements (REE). Credit: NASA

MOON DR. SARAH VALENCIA 
University of Maryland College Park 


