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Introduction:  The Moon possesses a notable en-
richment in thorium and other incompatible elements
(KREEP) on the nearside in a region called the Pro-
cellarum KREEP Terrane (PKT). The exact nature of
the  relationship  between  this  enrichment  and  the
highly  correlated  volcanic  activity is  debated,  but  it
has  been  shown  that  different  distributions  of  heat
sources will lead to drastically different long term evo-
lution,  with  influence  on  magnetic  field  generation
[1,2],  crater  morphology [3],  true  polar  wander  [4],
and magmatism [e.g. 5-7].

Here we use updated radioactive heat sources bud-
get estimates as well as insights from remanent mag-
netization  of the  crust  to  test  different  scenarios  of
heat sources distribution. In particular, we start by fo-
cusing our attention on the implications for magnetic
field generation (as dictated by core cooling), and the
ability of the crust to record that field (by comparing
its temperature to the Curie temperature of iron).

Modeling approach. We use the 3D thermo-chem-
ical convection code Gaia already used in [5], chang-
ing  only the  initial  distributions  of radioactive  heat
sources. As an initial set of parameters, the core is 330
km and possesses 4 wt.% S as an alloying element, the
melting  curve  and  reference  viscosity correspond  to
that of a dry peridotite, and there is no density contrast
in  the  mantle  other  than  that  generated  by melting
(Boussinesq approximation).

New estimates of the thickness of the lunar high-
lands from the GRAIL mission allow us to update re-
fractory elements budget. We use the model definitions
from [8]  in  addition  to a  model  5,  where  the  inner
most region of the PKT (about 1700 km in diameter)
is richer in radiogenic elements. See the Table below
for a description of the models.

M1 M2 M3 M4 M5

Highlds. 0.2 1 0.2 0.2 0.2

PKT 5.7 5.7 8.2 5.7 4

In. PKT 8.2

Highlds. 0.04 0.0074 0.025 0.038 0.04

PKT 0.04 0.0074 0.025 0.055 0.055

Table 1. Thorium content of the different regions
in ppm (Th/U = 3.68, K/U = 1250). “Highlds.” stands
for  highlands  crust  and  “In.  PKT”  is  the  innermost
PKT region. Gray areas are crust and white are mantle
concentrations.

Preliminary results.  The  first  result  is  that  the
evolution of the Curie isotherm depth within the PKT
is,  not  unexpectedly,  directly  related  to  the  heat
sources content of that region. Interestingly, the under-
lying mantle’s concentration plays a role only after the
Curie  isotherm  reaches  the  upper  mantle.  Figure  1
shows that a delay of about 500 Ma exists between the
time required by the C-isotherm to reach the bottom of
the crust in models 1, 2 and 4 versus model 3, and fi-
nally model 5. This may help explain the lower rema-
nent  magnetization  observed in  the  innermost  PKT:
the  crust  was simply too hot  to  record  the  ambient
magnetic field at the time where it was the strongest.

It is interesting to note that these different models
will also have implications for the mantle melting rate
and core cooling rate, which will in turn influence the
timing of the dynamo. For instance, model 4-5 have
an earlier  peak in volcanic activity and a larger  pro-
duction in general than the other models.

Figure 1. Evolution of the Curie isotherm for iron
(1043 K) for the different models presented here.

Concluding remarks. Understanding the distribu-
tion of KREEP material in the lunar crust is key to un-
ravelling its early history. Here we propose a new con-
straint  and test the implications of those distributions
on both mantle and core evolution of the Moon.
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